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DURAFLEX 











the more durable, ductile, 
flexible phosphor bronze— 
at no extra cost 


Here is a versatile new type of phosphor bronze. The 
superfine-grain structure of Duraflex provides a con- 
siderable improvement in fatigue life over regular 
phosphor bronze. An independently supervised 
laboratory test recently proved this. Three springs of 
regular Phosphor Bronze, 5° (A) took a permanent 
set at about 200,000 deflections and fractured at an 
average of 453,374 deflections. Four springs of 
DURAFLEX Superfine-Grain Phosphor Bronze, 5% 
(A) showed no permanent set, no loss of load and 
no breakage at 4,000,000 deflections. 

This new, higher quality Anaconda phosphor bronze 
is now available in several standard phosphor bronze 
alloys—in strip metal up to 0.062” thick and up to 
14” wide in all standard tempers, and in wire up to 
i” diameter. Duraflex strip is also available in 
long rolls. 

Within the capabilities of size and alloy composition, 
Duraflex strip and wire can be applied to the in- 
numerable uses for which conventional phosphor 
bronzes are employed, and in most instances provide 
longer and more efficient service. Ye: Duraflex sells 
for the same price as regular phosphor bronze in the 
same alloys and forms. 

Publication B-38 tells the story. Write for your 
copy—or for any assistance from our Metallurgical 
Dept. in selecting the proper alloys for your design 
problems. Address: Anaconda American Brass Com- 
pany, Waterbury 20, Conn. In Canada: Anaconda 
American Brass Ltd., New Toronto, Ontario. “-"” 


DURAFLEX 


A product of 


ANACONDA 


AMERICAN BRASS COMPANY 





For more information, turn to Reader Service card, circle No. 430 
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What’s New in Materials 
At a Glance 


Modified Polypropylene Is Stiffer, Costs Less 


Asbestos addition may encourage auto, electrical applications 


Low Friction Coatings with Good Bond Strength 
Obtained by plating molybdenum, converting it to disulfide 


New Permanent Magnet Has Highest Power 


Directionally solidified alloy promises 15% size reductions 


Thermocouple Alloy for 5000 F 


Tungsten with 25% rhenium stays ductile after heating to 3600 F 


Large Nylon Parts Made Economically by New Process 


Casting monomer and curing in mold can form complex shapes 


Other Contents 


Materials Engineering & Design 


At a Glance 


Ultra High Pressures Create New Materials 


An up-to-date report on what happens at 1,500,000 psi, 5000 F 


Thin-Film Electronic Components 


Subminiature resistors, capacitors, etc. by vacuum evaporation 


Five Malleable Castings Cut Costs 


Include gear rack, mounting bracket, auto transmission part 


Faster, Less Expensive Creep Data 


A handful of tests can put any alloy on this master diagram 


Sealing a Nuclear Reactor 


Three silicone rubber seals withstand sodium, seal in argon 


How Materials Are Used in the Mercury Capsule 


A lock at the structure, envelope, heat shield, window, ete. 


Other Contents 


SPECIAL ; 
REPORT The Future for Ceramics 


NO. 187 Structural uses seem sure to expand during the next decade 


CONTINUED ON PAGE 3 ——}> 
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Cost saving: 33% 





| ; ; 
let i 


her. An ex] te t a i simple my 
Today these screens are die cast of Zamak at a cost saving of 33% |! 
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HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY 
ZINC COMPANY 


160 FRONT STREET +» NEW YORK 38, N. ¥. 
DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY PRODUCTS 


For more information, turn to Reader Service cord, circle No. 465 
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We Need Better Follow-Through on Research 
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Advertising Indexes: 
Products Advertised 
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NEXT MONTH 


New Ways to Strengthen Metals ay Simple 
phase transformations obtained by quench 
and temper do not provide enough strength 
for many modern applications. Be sure to 
see this helpful review of the current status 
of dispersion hardening, ordering and other 
new approaches to strengthening metals. 


gh Temperature Insulations ... A compre- 
hensive status report on the new inorganic 
insulations used in potting, encapsulating, 
and on wire. 

New Torsion Tester ... Thia kinetic device 
makes it possible to determine dynamir 
properties of very hard, “brittle” materials. 


Flake Glass Reinforcement ... What it can do 
for plastics that fiber cannot 
Protective Coatings ... The new polyester 
types and their decorative and functional 
“ses. ilso, an itumescent coating that 
sulates metals from temperatures up to 
00 F and above 











This Month’s Cover by Harry & Marion Zelenko. 





ENERAL ELECTRIC 

does. To produce 

thousands: of these 

precise “dog point- 

ers” on a lower cost 
basis they redesigned for 
powder metallurgy. Instead 
of a two-part item—which 
had to be machined, punch 
pressed, deburred, re-ma- 
chined and press fit to- 
gether—one punch of the 
compacting press at Dixon 
Sintaloy, Inc. does the job. 
Each one of the dog pointers 
pressed from brass powder 
meets tolerances of + .001” 
on the diameter of the .061” 
hole and has the smooth, 
dense properties essential 
for plating. This is accom- 
plished readily by GE to in- 
sure that the dog pointer 
matches the extra-long serv- 
ice life of the kilowatt-hour 
and other electric meters it 
is used in. 

Think big—think powder 
metallurgy. For more infor- 
mation about the applica- 
tion, design techniques and 
properties of metal powder 
parts, write today to The 
New Jersey Zinc Company 
for your copy of “Designing 
For Pressed Brass and Nickel! 
Silver Metal Powder Parts.” 





HORSE HEAD® ATOMIZED NONFERROUS METAL POWDERS ARE PRODUCED BY 


THE NEW JERSEY 
ZINC COMPANY 


160 FRONT STREET + NEW YORK 38, N. ¥. 
DEVELOPERS OF BRASS & NICKEL SILVER POWDERS SETTING TODAY'S STANDARDS 


PRODUCTS 
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In test flight, the X-15, America’s first manned space probe ship, has reached a speed of 
3370 mph, and an altitude of 169,600 ft. Ship was built by North American Aviation, Inc. 


How X-15 survives red-hot re-entry 


When the latest pilot-controlled re- 
search rocket plane, X-15, streaks in 
from space to re-enter the earth’s 
atmosphere, air friction heats its nose 
and leading edges to a blood red 
heat in seconds. 

“Blood red heat” temperatures 
might easily weaken the skin of the 
X-15 ... hopelessly soften, deform or 
destroy many other materials. 

How could designers make it pos- 
sible for X-15 and her pilot to return 
safely? 

The answer was found in an age- 
hardenable nickel-chromium alloy. 


4 e¢ MATERIALS IN DESIGN 


Developed by Inco research, it suc- 
cessfully withstands the destructive 
effect of intense heat. Even when 
red hot, it retains the strength which 
the X-15 needs to safely make its 
re-entry into the atmosphere. 


High temperature properties, cor- 
rosion resistance, strength, elasticity, 
beauty ...so many varied advantages 


can be achieved through the use of 
Nickel in metals. 


if your business is metals, or if you 
use metals in your business, call on 
Inco for the latest information about 
how Nickel and its alloys can help 
you. The International Nickel Com- 
pany, Inc.,67 Wall Street, New York 
5, =. 


, Inco Nickel 


NICKEL MAKES ALLOYS PERFORM BETTER 


ENGINEERING 


LONGER 








... AT A GLANCE 


Sintered parts made of a new copper powder are said to have up to 90% of the 
electrical conductivity, elongation and tensile strength of solid copper parts; density 
ranges from 96 to 99%. Presently used copper powders containing organic binders 
reduce electrical conductivity quite severely. The new powder is expected on the 
market shortly. 

Source: Fansteel Metallurgical Corp., North Chicago, III. 


A high quality vinyl! surfacing material for decorative and protective use over metal, 
wood, glass-reinforced polyester and other surfaces is flexible, easily bonded, dur- 
able, and resistant to fading and most stains. It is mold and mildew resistant, and 
has a flame spread rating of 20 when tested in accordance with ASTM E84-59T. 
It is sold in three embossed textures, 20 colors and two gages. 


Source: Armstrong Cork Co., Industrial Div., Lancaster, Pa 


A new gold electroplate for electronic parts is said to be completely stress-free, 
ultra pure, satin bright, extremely ductile and tight grained. Tests show the 24- 
karat gold deposit withstands 60 min at 1000 F in air without discoloring. The 
gold, supplied as salts or as a solution, plates directly on stainless steel, monel and 
other alloys. 


Source: Technic, Inc., P. O. Box 965, Providence, R.I 


A new ultra high strength steel can be heat treated to 360,000 psi tensile strength, 
290,000 psi yield strength (0.2% offset), 20-30% reduction in area, and 6-8% 
elongation (in 2 in.) The steel is sold as bars, forgings, sheets, plates and wire, 
with a bar base price of $1.87 per Ib. (More details next month.) 


Source: Vanadium-Alloys Steel Co., Latrobe, Pa. 


Low density, resilient silicone rubber foam can be produced at room temperature 
from an RTV silicone rubber compound now available. The foam can be used over 
the temperature range —100 to 500 F and has excellent electrical properties. It 
sells for $8 to $12 per Ib. 


Source: Dow Corning Corp., Midland, Mich, 


Prealloyed heavy metal powders containing tungsten, nickel and copper are now 
available. The heavy constituent, tungsten, is in a matrix of copper-nickel alloy 
and cannot settle out of the suspension as often happens with mixed metal powders 
of tungsten, nickel and copper. The high density alloy powders are expected to be 
used in radioactive shields and in containers for radioactive materials. 


Source: Astro-Alloys Corp., 100 S. Pearl St., Pearl River, N.Y 


A de-icing coating for plastics glazing materials is now in the final stages of 
development. The conductive coating, which can dissipate 4.5 w per sq in. maximum 
energy, is sandwiched in with a castable interlayer material in a three-ply acrylic 
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Here's Estane: a tough, 
abrasion-resistant 
olyurethane elastomer 


that is thermoplastic! 


Speeds up molding and extrusion. With Estane, you Es pI des cost savings because of i unique 
scrap stock accumulated in normal properties and simplified handling pro ires. Faster 


can recycle waste and 
r re d a demon 


fabrication. Estane in be extruded, injection-molded eda processing s« | 
milled, calendered or used in solvent systems using strated ost reduction in one operation. Available 
standard thermoplastic processing techniques. Estane polymers and compounds provide profit opportunities 
materials behave mucl ke vinyl in processing —same n many applications, such as shoe soles, heels and 
equipment, similar settings. Estane polyurethane comes ppers thread, for wire and cable jacket 
in tough, rubber ear granules, ranging in hardnes oating applications 
iterial 


several Est 
mngation over 500 ment NN-7, B F Goodrich 


of over oVUU psi and a " } rm i writ pal 
my 5 Fk 1 Avenue, Cleveland 15, 


from 65 to 95 Duromet \ All have a tensile strengt! 


oil-resistance ita ir-resistance, abrasion 
Intario, 


and low-temperature 


B.EGoodrich Chemical Estane 
sede mare een Puritan Maria 


For more information, turn to Reader Service card, circle No. 462 
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..- AT A GLANCE 


or polyester windshield. Optical qualities are said to be excellent, and de-icing 
performance is comparable to that previously obtained by sputtered coatings on glass. 


Source: Goodyear Aircraft Corp., Akron, Ohio. 


A new wood panel highly resistant to damage is made from three to five plies 
of hardboard. It has a smooth surface, high density and high internal bond strength, 
and can be sawed, drilled, grooved and shaped easily. A standard hardboard panel 
measures 4 by 8 ft and is sold in five thicknesses ranging from 14 to 14 in. 


urce: Cascades Plywood Corp., Lebanite Div., Public Service Bidg., Portland 4, Ore. 


Fast annealing of reactive metal strip can be done with a new electron beam 
furnace now available. A coil of tantalum, columbium, titanium or zirconium metal 
strip unwinds and feeds into the furnace, passes over an electron beam gun, then 
exits and rewinds at the other end of the furnace at speeds up to several thousand 


feet per minute. Annealing is done under high vacuum. 
Source: Temescal Metallurgical Corp., 2850 7th St., Berkeley, Calif 


A machinable, cutting-grade carbide can be easily turned, drilled, milled, tapped 
and filed in the annealed, as-received condition; heat treated to Rockwell C70, it 
behaves like solid carbide. Service life in cutting hardened steels compares favorably 
with that of conventional carbides, which can be shaped only by diamond grinding. 
The new material is a composite of ultra hard carbide particles dispersed in a 
high speed steel matrix, 


Source: Chromalloy Corp., Sintercast Div., 171 Western Hwy., West Nyack, N.Y. 


A way to prevent weld spatier from sticking to metal surfaces is to use a new 
compound that contains no oils, varnishes or other volatile substances. A single, 
thin coating serves for a number of weld passes. Spatter in the treated area is wiped 
clean with a dry cloth after welding. The compound sells for $3.40 per gal. 


Source: Cleanweld Products Co., 9220 S. Atlantic Blvd., South Gate, Calif 


A new thermal insulation is ‘virtually pure carbon.’ Available as fibers and as a 
fabric 32 in. wide by 50-75 yd long, the material is said to have extremely low 
thermal conductivity and a low ablation rate when combined with phenolic resins. 
Molded parts of 50% fiber and 50% phenolic resin (by weights) have a tensile 
strength of 8500 psi, flexural strength of 15,000 psi and compressive strength of 
19,000 psi. 


Source: H. I. Thompson Fiber Glass Co., 1733 Cordova St., Los Angeles 7. 


Tungsten-molybdenum strip has been rolled directly from centrifugally cast ma- 
terial. Tungsten alloy strip is usually rolled from are cast ingots which require a 
forging breakdown before rolling. In an experimental run, a 98% tungsten-2% 
molybdenum alloy was rolled from an as-cast thickness of 0.64 in. to a finished 
thickness of 0.035 in. without an intermediate anneal or recrystallization. 

Source: Oregon Metallurgical Corp., Albany, Ore. 
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another torture test 
for leaded alloy 


This guide bushing is a much abused part in 


a pneumatic rock drill—subjected to severe 
shock loads and a shattering type of vibra- 
tional stress 


It is machined from a bar of 
lead-treated* Aristoloy 8620, carburized and 
hardened to a 58-63 Rockwell ‘'C’’. When 
GARDNER-DENVER switched to lead-treated 
steel, they happily discovered production 
jumped 42%. Feed rates, drilling, turning 
forming, boring, and cut-off operations could 


also be increased. Tool life was extended 
0 pieces between grinds. 


can get alloy steel strength in free-machining 
steel 


call your nearest Copperweld repre 


sentative. Or write for Leaded Steels Catalog 
and Products & Facilities Catalog 


For complete information about how you 


*iniand | 


edioy License 


hii 
VIMM@L@A -oepe 
SSSR Scec. comrany 


MATERIALS 


IN 


ARISTOLOY STEEL DIVISION ) 4021 Mahoning Ave., Warren, Ohio - EXPORT: Copperweld Ste@ International Co., 225 Broadway, New York 7, N.Y. 


For more information, turn to Reader Service card, circle No. 336 
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Oleform modified polypropylene 


Unmodified 
polypropylene 


Ten Mod of Elast, |O° psi 


oO 
wn 


Crosshead speed O2ipm 


50 100 50 200 2 
6 ae Is Stiffer, Costs Less 


by Roger F. Jones, Research Chemist, AviSun Corp. @ The graphical comparison at 

left indicates why a new modified 

HOW OLEFORM COMPARES WITH OTHER PLASTICS polypropylene may find wide use 

| in applications requiring tough- 
| 





ness and rigidity over a range of 
Phenolic temperatures up to 250 F or 


Polypropylene 
Plastic> 
Nylon (wood- 


Oleform | Un- | Acetal (type flour above. 
modified 6/6) filled) Trademarked Oleform, the plas- 


. tic is available in experimen- 
cost tal quantities from AviSun and 
4/Cu In. glgante ; 40 carries an _ introductory price 
PSI = I of 36¢ per lb, compared to 42¢ 
MECHANICAL PROPERTIES* | per lb for regular polypropylene. 
Ten Yid Str, 1000 psi> | D638 t | 9. } —_ “ee - be 
Elong at Yid, %° | Deze , oa A | fire retardant grade will be 

Ten Mod of Elast, 10° psic...| D638 I available soon. ' 
For the most part modification 


Flex Mod of Elast, 105 psi¢ D790 
Izod Impact Str, consists of the addition of asbes- 








| 
ft-Ib/in. notch | D256 : é tos-type filler or reinforcement. 


PHYSICAL PROPERTIES The plastic can be processed amen 
Specific Gravity 797 14t the same as unmodified poly- 
Heat Dist Temp, F propylene. 

b He ms 300 Oleform appears to be particu- 

264 Psi 275 7 ad i 
Water Absorption (24 hr), % 12 15 06 larly promising for automotive 
| parts, as well as parts for appli- 


Lin Coef of Ther Exp, 10 —5 
per °F : : ae 21 ances, electrical and _ electronic 


Burning Rate | Self-ext | Self-ext components, and wiring devices. 
a a F “ The economic benefits of injection 


CHEMICAL RESISTANCE . ‘ 
Acids. . . Attacked | Good molding may make the material 
RS Exc Attacked competitive with many parts now 


Solvents... Good Good made of compression molded ther- 
ELECTRICAL PROPERTIES i see ~ ae 
Dielectric Str (short time; Other properties compared 
125 mils), v/mil D149 450 310 ~ = 
Dielectric Constant As the table indicates, Oleform 
60 Cps D150 2.75 22 | =— | & 7.0 has lower tensile strength than 


Lm... -+- | DISD 2.65 220) 37 | . 6.8 other plastics, but excellent rigid- 


1 Mc : D150 ; . t 55 P a! 

Dissipation Factor 3 us u . ity and heat resistance together 
60 Cps D150 0.0074 0.0007 | | 0.175 with a low coefficient of expan- 
1We..... D150 0.0046 0.0002 | 0.004 | 0. 0.120 sion. Water absorption is low and 
_ ned o.oets 0.0002 0.004 | 0.050 chemical resistance excellent. 

Loss Factor | . ql 
60 Cps.. D150 0.020 0.0015 | | 0.184 1.225 The new material retains most 
1 Ke D150 0.012 | 0.0004 | 0.015 0.180 0.815 of polypropylene’s good dielectric 

0.140 
| 











1 Mc D150 0.005 0.004 | 0.015 0.275 characteristics. Dielectric constant 
Volume Resist, ohm-cm D257 1.5x 10% | >3x 10%) 6x10" | 4x 10% | 10°—10" and loss factor are particularly 
Arc Resistance, sec D618 121 125 | 129 130-140 Tracks good in comparison with those of 








*Injection molded specimens at room temperature. the other materials listed. 


"Crosshead speed is 1 ipm except where noted. 
Crosshead speed 0.2 ipm *Crosshead speed 0.05 ipm For more information, circle No. 600 
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MOLYBDENUM OVER STEEL 
| Ammonium Formate... . .109.2 gm 
1. Mix Molybdenum Oxide. . 25.2 gm 
Water........ 2000 mi 


TUNGSTEN OVER STEEL 
H,WO, © 2H,0........... 13 gm 
1. Mix NoH,... , . gm 
| Water..... 200 mi 


| Tartaric Acid . gm 

2. Add | Glycine...... .. 7.5 gm 
(at 140 F)| Sulfuric Acid (97.1% 

| by wt).. ia 7 mi 

| Water........ ..-. 200 mi 


3. Add | Pyrogallo [CsH(OH)s].... 13. gm 
(at 140 F)| Water... 


| Sulfurous Acid (S02, 6.4% 
These | 4. Add | bywt)l. | 18m 


| Water 300 mi 

three 
1 Make up the plating solution. 
steps Molybdenum solution is easy to pre- 








give pare, tungsten bath more complex. 


Low Friction Coatings 


Durable, self-lubricating disulfide films are produced by 
converting molybdenum or tungsten electroplates at 400 F. 


and are more durable than many 


by J. E. Brophy, R. W. Ingraham obtained by applying molybdenum 
petroleum lubricants. Such coat- 


and C. Pettus, General Products and tungsten electroplates and 
Div., International Business Ma- converting them into compounds. ings are particularly well suited 
chines Corp. The resulting films have better for parts located in inaccessible 
@ Low coefficients of friction and bond strength than conventional areas where long lubrication life 
good wear properties can now be molybdenum disulfide lubricants is needed. 


Typical wear tracks on solid lubri- 
cant surface (left) and 52100 steel 
ball (above) show no noticeable 
damage after 1000 sliding passes. 
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| Tungsten to... 
| 


Molybdenum to... 
Molybdenum | Molybdenum | Tungsten 
Disulfide Selenide | Disulfide 


Tungsten 


Conversion > 
Selenide 





Hydrogen Hydrogen Hydrogen 
sulfide selenide sulfide selenide 
Molybdenum} Tungsten (HeS) (H2Se) (HeS) (H2Se) 
Plate =» over | over Gas Pressure, psi.. 400 400 Atm Atm 
Steel Steel Temperature-Time 3 steps: 302 F—24 hr| 399 F—4 hr | 399 F—4 hr 

302 F—2 hr, 
257 F—110 hr,| 
140 F—300 hr | 
Coefficient of Friction 

1 Pass. . , 0.05 0.08 

1000 Passes = 0.05 0.08 0.09 


3 Convert surface. Molybdenum coatings must be treated under pressure; 
tungsten at atmospheric pressure but a higher temperature. 


Conversion Gas Hydrogen 











Bath Temp, F..... 
Current Density, 
amp/sq in. 
~3 | ~30 
0.05to~0.1/ 0.5tol 





Thickness, mil 














2 Produce electroplates. Molyb- 
denum coating takes only 3 min; 
tungsten coating takes about 30 min. 





with Good Bond Strength 


Although the coatings have 
been used mainly on conductive 
base metals such as steel and cop- 
per they can also be applied to 
nonmetallic parts that can with- 
stand the relatively high process- 
ing temperature needed (400 F). 
However, no applications for non- 
metallics have been tried as yet, 
primarily because conventional 
nonmetallics such as nylon and 
TFE fluorocarbon have good nat- 
ural lubricating properties. 


Structure produces lubricity 


The molybdenum or tungsten 
films are electrodeposited over the 
substrate and then converted to 
lamellar solids of molybdenum or 
tungsten disulfide, selenide or 
telluride. These lamellar solids 
have a unique crystal structure 
consisting of crystal planes of 
metal and non-metal atoms. When 
crystal surfaces containing non- 
metal atoms slide against each 
other the weak Van der Waal’s 
force between the atoms results in 
low friction force and excellent 





wear properties. 

Coefficients of friction of 
treated surfaces range from 0.05 
to 0.08 (Table 3), depending on 
the number of cycles involved and 
whether a_ sulfide or selenide 
treatment is used. Studies on 
telluride surfaces are stil] in 
progress, 


How process works 

Tables 1 and 2 show typical 
bath compositions and conditions 
that have been successfully used 
to plate molybdenum and tungsten 
on carbon steel. The steel is first 
washed with distilled water and 
fluxed with benzene. Because of 
the low temperatures used the 
process does not produce any 
structural or geometric changes 
in the base material, and the coat- 
ing is so thin that dimensions of 
finished parts can be held within 
+0.5 mil. 

Molybdenum-plated parts are 
washed and dried after plating 
and then placed in a special cham- 
ber. Hydrogen sulfide or selenide 








is introduced and the chamber 
sealed off. The chamber is heated 
to an appropriate temperature 
and held there for a set time (see 
Table 3 for schedules). Pressure 
of the gas during conversion is 
generally about 400 psi; it varies 
with the conversion temperature 
and can be controlled by adjusting 
initial gas pressure inside the 
chamber before heating. 

Tungsten-plated parts require 
somewhat different treatment. 
After plating, they are washed 
in acetone, dried, and then con- 
verted by allowing hydrogen sul- 
fide or selenide gas to flow contin- 
uously over the surfaces at 400 F 
for 4 hr. 

Nonmetallics can be _ treated 
provided that: 1) surfaces are 
first coated with an evaporated 
conductive film and, 2) the melt- 
ing point of the material is below 
the maximum processing tempera- 
ture used to produce the lubricat- 
ing surface (400 F max, as com- 
pared to a minimum of 1100° F 
for previous processes). 
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Permanent Magnet Has Highest Power 


Directionally solidified alloy can cut magnet size by 15%. 


@ The photograph below shows 
how the cast grain structure of a 
new, improved magnetic material 
called Alnicus differs from that of 
Alnico VB-DG. The improvement 
is achieved by directional solidifi- 
cation. 

The process used to obtain the 
improved structure was developed 
by U. S. Magnet & Alloy Corp., 
266 Glenwood Ave., Bloomfield, 
N.J., and is in full scale continu 


(BH) 
of the available Alnico alloys. 

Only platinum-cobalt 
show comparable (BH),, 
These are not available commer- 
cially and cannot compete with 
Alnicus in cost. 

The increase in energy product 
means that magnet size can now 
be reduced approximately 15%, 
size being inversely proportional 
to the energy product. U. S. Mag- 
net claims that Alnicus is compe- 


max» Of Alnicus exceeds tha 
alloys 


x Values. 


USM 75: Maximum energy prod- 
uct, (BH) »ax, is 7.5 million gauss- 
residual induction, B, is 
13,900 gauss; and coercive force, 


oersteds; 


H. is 650 gauss. 
USM 65: (BH) 


gauss-oersteds, B 


max 18 6.5 million 
, is 13,500 gauss 
and H, is 650 gauss. 

Density of both grades is 0.265 
lb per cu in. 

The (BH),,.x Value of USM 75 
exceeds that of Alnico VB-DG by 
1,000,000 gauss-oersteds. 


ous production. 
with the Alnicos 


when size reduction is considered. 


titive in cost > . 
Higher energy available Many applications suggested 


nr j y > > y é y s) Ss ¢ 4 > aT - 
The high High energy magnets may even 
tually be used as field shaping de- 


vices for focusing and accelerat- 


energy product, Two grades are being produced: 


ing ions in propulsion units for 
space exploration and industrial 
applications. 

More down-to-earth are these 
suggested applications: magnetic 
chucks, holding and 
lifting devices, sensitive meters, 


conveyors, 


electrocardiographs and encepha- 
lographs, outboard motor and 
lawn mower starting devices, 
Quantities of Alnicus are al- 
ready being used in magnetrons, 
very compact generators, magne- 
tic separators, loudspeakers and 
radar equipment. 
For more information, circle No. 602 


Directional solidification of Alnicus USM 75 (left) compared to normal 
A/nico VB DG (right). 


freezing patte rn of 


Aluminum-Plastics Coating Resists Corrosion, Aigae 


@ The row of cooling coils indicated by arrow has 
been coated with a proprietary plastics compound 
containing up to 80% powdered aluminum. The coat- 
ing, called Kolmetal, has prevented the salty river 
water coolant from corroding the coils for 2% yr. 
Cooling efficiency has also been improved because the 
aluminum in the coating inhibits the growth of algae. 

The severe corrosion caused by the river water, 
with an acid content of up to 5%, can be seen on the 
right set of coils which were installed at the same 
time but were not treated with the Emjay Mainte- 
nance Corp. coating. 


For more information, circle No. 603 
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@ Temperatures up to 5000 F can 
measured with thermo- 
using newly available 
tungsten—25% rhenium alloy wire 
(see Fig 1). The high strength 
alloy retains room temperature 
ductility after heating to tempera- 
tures as high as 3600 F. 


now be 
couples 


Just announced by Chase Brass 
& Copper Co., Waterbury 20, 
Conn., the tungsten—25% rhenium 
alloy is now in commercial pro- 
duction, 


Old limit 3000 F 

Temperature measurements with 
the commonly’ used platinum 
group thermocouples are presently 
limited to about 3000 F. Thus 
tungsten-rhenium thermocouple 
elements boost the limit by ap- 
proximately 2000 °F. 

Although 


optical pyrometers 


W-5Re /W-26 Re 


4 - — 
1000 3000 5000 


Temperc:ure, F 
1 Tungsten-rhenium thermocouples 
can measure temperatures up to 


5000 F. 


Thermocouple Alloy 
for 5000 F 


Tungsten alloyed with 25% rhenium stays 


ductile after heating. 


4? 
| W-(26, 28) Re 


@ 


$8 
> 


Minimum Bend Roadius,t 
N 
in) “teeeemtere teeteten 


Brittle 20 Gtalieemedion 


200 400 
Temperature, F 


8 


2 Adding rhenium lowers the duc- 
tile-to-brittle bend tem- 
perature of tungsten, 


transition 


can be used at 5000 F, their size, 
the fact that they require visual 
access to the heated material, and 
the fact that they are not suited 
to automatic control place them at 
a disadvantage. 

More ductile than tungsten 

The new alloy is much more 
ductile than tungsten. Improve- 
ment in bend ductility is indicated 
in Fig 2. 

The reason for this increased 
ductility is rhenium’s effect in 
lowering the _ ductile-to-brittle 
transition temperature. Tungsten 
is brittle at temperatures below 
approximately 625 F; the new 
tungsten-rhenium alloy retains its 
ductility down to room tempera- 
ture. 

Another advantage: the new 
alloy can be heated to higher 
temperatures than tungsten before 
it becomes “glass brittle” at room 
temperature. As the table shows, 
tungsten cannot be heated above 
2200 F without paying this penal- 
ty. But tungsten-25% rhenium 
can be heated to 2900 F without 


serious loss, and usable room tem- 
perature ductility is retained even 
after heating to 3600 F. 

This improved ductility, to- 
gether with improved thermal 
shock resistance, is being used 
now in electronic tube components, 
principally support grids and 
heaters. 

Despite its ductility, the wire is 
strong. After cold drawing 65%, 
room temperature tensile strength 
was 400,000 psi, elongation 2%, 
and the wire could be wrapped 
around a mandrel of its own 
diameter, Annealing at 3000 F 
reduced tensile strength to 245,000 
psi, increased elongation to 15%, 
and did not change bend ductility. 


Wire, strip available 


Wrought tungsten—rhenium ai- 
loys are produced from pressed 
and sintered bars. These bars are 
warm swaged to approx. 0.1-in. 
dia and warm drawn to the de- 
sired wire sizes. Sintered bars are 
similarly worked to produce strip. 

Sizes currently available in rod 
and wire range from 0.003 to 0.10 
in. dia. Strip sizes range from 
0.001 to 0.060 in, thk up to 4 in. 
wide. 


ROOM TEMPERATURE BEND 
DUCTILITY OF 75W-25 Re AND 
PURE TUNGSTEN AFTER ANNEALING 





Anneal 
Temp, F 
e 


75 W-25 Re Tungsten 





Approx 2t* | it 

2t lt 

It 2t to glass brittle 
Vt Glass brittle 

Vt Glass brittle 

3t — 

5t _ 


*t is ratio of smallest bend dia to wire dia 
(0.020 in. for ductile bends.) 


As Drawn. . 











For more information, circle No. 604 
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Turn on the Heat 
—or the Cold... 


silico 


SILICONE RUBBER 
can take it/ 


Wi Wi x 


Whether your products are outer space rockets, 
appliances, or anything in between, if the rubber 
components must have thermal stability at widely 
varying degrees of temperature, “Silicol” silicone 
rubber is the material you need. 
Not only does this material offer temperature re- 
sistance from MINUS 110°F., to PLUS 750°F., but 
we compound “Silicol” to obtain almost any other 
additional physical property, or combination of prop- 
erties, likely to be required in a silicone rubber part. 
For example, we regularly formulate “Silicol” for: 

CHEMICAL RESISTANCE (over 600° range) 

OZONE and CORONA RESISTANCE 

ULTRA VIOLET RAY RESISTANCE 

WATER, and OIL and SOLVENT RESISTANCE 

FUNGUS GROWTH RESISTANCE 

DIELECTRIC PROPERTIES (as required) 

STRENGTH COMBINATIONS 

are indicative only . . . the versatility of “Sili- 
col” provides the answer to many “tough” design 
problems. Let us tell you more about “Silicol,” and 
Colonial’s ability to compound, mold and fabricate 
rubber parts from this and all other industrial rub- 
ber materials. Fully integrated and automated de- 
velopment and production facilities make our work 
accurate . . . economical . . . prompt. 


*Reg. T.M. of Colonial Rubber Co 


WRITE FOR BROCHURE C-60, or send prints and 
data on problems needing immediate analysis 
and recommendation. No obligation. 


COMPANY 


706 Oakwood St. AXminster 6-9611 
RAVENNA, OHIO 
- 1916-A 


For more information, turn to Reader Service card, circle No. 339 
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Complex custom parts, as well as standard mill shapes, are now available in large sizes 


Large 
Nylon 
Parts 


produced economically by 


TABLE 1—COMPARISON OF NYLON CONVERSION PROCESSES: 


Monomer Injection Extrusion 
Casting Molding Molding 





Centrifugal 


Process > 
Extrusion Casting 





Mold Pressure Atmospheric | 20,000 100-300 100-300 100-300 ¢ 


Requirements, psi 





Unlimited 





300 Not applicable 


Maximum Part 
Weight, Ib» 


| 





monomer casting process 





Maximum Untimited 3-4 


Thickness, in 
@ The table at left highlights the 
newly developed “monomer cast- 
ing” process. In brief, the process 
permits low cost production of 
large, complex nylon shapes by 
techniques similar to those used 
for casting of metals. 
parts | ical parts Essentially, the process consists 
| only , Nate. 
of casting liquid type 6 nylon 
monomer (E caprolactam) direct- 
ly into a mold where it is cata- 
lyzed and polymerized to the final 
shape under atmospheric pressure. 
Casting directly from monomer 
bypasses the conventional thermo- 
plastic compounding steps, where- 
in monomer is polymerized, ex- 





3.00-5.00¢ 1.50-3.50 


Price, $/Ib@ 4-13 3-5 








Production 


Rate, Ib/hr 800 | 50-300 30 30-40 | 1-8¢ 





Limitations Uneconomical | Unsuitable for | Low production| Low production| Low production 


for small large parts rate rate | rate; symmet- 














*These data must be considered only as a guide. Special design and volume requirements or equip- 
ment variations can place the values beyond the stated limits. *Approx current limits. °G's. 
“Normal ranges in July "61. *Hours cycle per mold. fAt current introductory costs; ultimately 
cost range will be $1.25-2.00. 





MORE WHAT'S NEW IN MATERIALS 


Steel spring wire 
has high strength 

Silicone fluids are 
solvent resistant .. 


Electrochemical method 
polishes germanium ... 


Gold electroplates are 


hard, ductile, pure .... 
Light ablation plastic ... 


Colloidal alumina 


strengthens materials .. 


Permanent magnet 
Phenolic extrusions 
Neoprene adhesive 


Two synthetic latexes .... 


Colored electroplates 


brighten, protect metal . 


Thermoplastic has 
good heat resistance ... 
Aluminum alloy for 
sand cast parts ....... 
Rust preventive oil ...... 
Fiberglass roving for 
spray gun application .. 
Superconductive wire for 
less bulky magnets .... 
Polycarbonate resin 
is nearly water clear .. 
Rigid urethane foam 
designed for potting ... 
Coating for glass 
protects in one layer ... 
Two nylon 6 resins 
Other news 





truded and chopped to form a 
compound that can be formed by 
molding or extrusion techniques. 

Thus, the raw material becomes 
a 46¢-per-lb monomer rather than 
a 98¢-per-lb molding compound. 
According to the producers, this 
lower cost can put monomer cast 
nylon into the medium priced 
resin class. 

The lack of pressure in the cast- 
ing process permits use of ex- 
tremely low cost molds. For ex- 
ample, cost of an injection mold 
for a large 7-lb part might be 
$5000 or more. For MC nylon, a 

(continued on p 173) 
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for appliances... 
optical systems... 


high style closures... 























Introducing... 


® 


3/A\7ICKXeU] a new clear thermoplastic 


with a unique combination of properties 


High heat resistance for the stoppers of perfume bottles... ance and can be sterilized in boiling water. 


Solvent/chemical resistance and for many other applications 


Extreme water/steam resistance Bavick-11 is ideal for sparkling back- Bavick-11 combine jewel-like sparkle, with 
splashes and gleaming trim on ranges, low cost and resistance to solvents and 


The stoppers of perfume bottles made of 


Unique decorative features 
: : for pointers and crystal clear dial faces, essential oils. Bavick-11 is unaffected by 
Unusual optical properties fos « es ' Pes gat ee “stl 
or “piping” light, for use on electric per- most acids and alkalies, alcohols, silicones 
BAVICK-11 has the highest heat and sol- colators and skillets, dishwashers, washers and hydrocarbons. As a replacement for 
vent resistance of any clear plastic, and is and dryers, etc. Bavick-11 does not warp glass in certain optical systems, Bavick-11 
the only acrylic-type thermoplastic with at temperatures that cause all other water- offers high heat and thermal shock resist- 
the unique combination of properties white transparent thermoplastics to soften ance, excellent optical properties, high 
listed above. If you need one of the first and sag, nor does it craze from extreme index of refraction and comparative ease 
three properties—plus one of the last two thermal shock. Transparency is unaffected of fabrication. Bavick-11 is strong and 
you will find Bavick-11 offers unprece- by continuous immersion in boiling water; tough can be injection or compression 
dented advantages for the design and man- shape is unaffected by low pressure steam molded, extruded, machined and cemented 
ufacture of parts of appliances and lenses Medical and drug sundries made from ... is easily colored, decorated, metallized, 
that are exposed to high temperatures... Bavick-11 are clear and clean in appear- lacquered and printed. 


May we send you literature about new, heat-resistant Bavick-11? Write on your letterhead to Dept. ypg-o9 
Division J.T. Baker Chemical Co. Sy 
Phillipsburg, New Jersey 


For more information, turn to Reader Service card, circle No. 413 
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@ The new Engineering Center in 
New York City became an operat- 
i effective the 
ning of this month. 

The new buildinz, which is lo 
cated at 345 East 47th Street, 
New York City 17, now houses 19 


separate engineering societies and 


ing reality begin- 


organizations, according to Steven 
Marras, secretary of United En- 
gineering Trustees, Inc., the or- 


ganization that raised funds for 


Metal 
Show 
Coming 


A “Materials Application Cen- 
ter” will be the heart of the 
1961 Metal Exposition, spon- 
sored by the American Society 
for Metals. 

This educational feature will 
be the center of a total of 275 
exhibits in the new Cobo Hall 
in Detroit, Oct 23-27. Concur- 
rent with the show, ASM and 
nine other societies will present 
68 technical sessions, many of 
them concerning new engineer- 
ing materials and processes. 

A detailed outline of the show 
and the National Metals Con- 
gress will be presented in next 
month’s issue of M/DE. 


The new 
™ Center as 


mopletior 
piet 


om | 
OF 
=e 


INDUSTRY 


Engineering Center Opens; 
Houses 19 Organizations 


the building. 

The occupants are: American 
Society of Civil Engineers, Amer 
ican Institute of Mining, Metal- 
lurgical and Petroleum Engineers, 
American Society of Mechanical 
Engineers, American Institute of 
Electrical Engineers, American 
Institute of Chemical Engineers, 
American Heating, 
Refrigerating & Air Conditioning 
Engineers, Illuminating Engineer- 


Society of 


ing Society, American Institute of 
Engineers, American 
Welding Society, American Insti- 


Consulting 


tute of Industrial Engineers, So- 
ciety of Women Engineers, Mu- 
nicipal Engineers of the City of 
New York, Engineers’ Council for 
Professional Development, Engi- 
neers’ Joint Council, Engineering 
Library, Engineering 
Foundation, Welding Research 
Council, and Engineering Index. 


Societies 


Republic to Study Advanced Processes 


A variety of advanced process- 
ing equipment has been installed 
in a new manufacturing research 
facility just completed by Repub- 
lic Aviation Corp. in Farmingdale, 
L. I. 

The laboratory was developed 
in connection with Republic’s 
aerospace program. Equipment in- 
cludes such things as a tungsten 
inert-gas welder, 
charge forming 
beryllium processing facilities. 

Other new laboratories: 

> Construction of a new $104 
million research center for the 
National Bureau of Standards has 
begun on a 555-acre site at Gaith- 
ersburg, Md., signalling the first 
step in a complete relocation of 


capacitor dis 
equipment, and 


the bureau from Washington, D. C. 

> A gamma irradiation facility, 
using a 3000-curie cobalt-60 
source, will be constructed at the 
University of Maryland to study 
radiation effects on plastics. In- 
stallation will be completed this 
year. 


Meetings on Adhesives, 
Rapid Testing Set 


A military-sponsored program 
on adhesives is one of three im- 
portant symposia that independent 
organizations will sponsor in the 
next two months. 

> “Modern Structural Adhe- 


sives Technology” will be the 
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rlox Spray Process now assures high 
efficiency phate coatings, without precleaning, 
even at low temperatures: 


The Interlox Spray process has proved its superiority 
three years of research. two years 


instruments. 


CHECK THESE ADVANTAGES 





y No alkali carry-over: 


y Lower maintenance 
costs. 


{/ No loose coating, 


Lower operating tem- 
peratures: 


Less nard scale. 
if No flash rusting: 
y/ Better smut removal. 


Y Less control time 
required. 


Complete removal of 
oxidized oils. 


(white powder or smut) - 


Y Fewer plugged nozzles. 


100 production installa- 


yt eat 


cd 320° “990° . 
TEMPERATURE 


The method 15 simple, "° com- 
roils or expensive 

A specially devel- 
is added 


roportion 
quirements. 
Maximum we ithout foam, 
is an accomplished fact an 
a gine-grained phosphate de- 
posit is the result. 


Northwest's consulting engineers will gladly survey your 
operation and submit recommendations - No obligation. 





Licensed Manufocturers: ALERT SUPPLY co. Los Angeles, Colif. * ARMALITE COMPANY, LTD. Toronto, Canoda 


For more information, turn to Reader Service card, circle No 395 
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topic at Picatinny Arsenal, Sept 
27-28. This symposium, planned 
for a group of engineers selected 
from defense agencies and from 
industry, will emphasize joint de- 
sign considerations, selection of 
proper adhesives, the bonding of 
reinforced plastics, and high tem- 
perature applications. 

> The Second Rare Earth Con- 
ference will be held in Glenwood 
Springs, Colo., Sept 24-27. More 
detailed information may be ob- 
tained from J. F. Nachman, Den- 
ver Research Inst., University of 
Denver, Denver, Colo. 


> The third annual symposium 
on High-Speed Testing, sponsored 
by Plas-Tech Equipment Corp., 
will be held in Boston, Oct 26-27. 
Program information is available 
from Ross H. Supnik, Plas-Tech 
Equipment Corp., 4 Mercer Rd., 
Natick, Mass. 


Materials Processing 
Seminars Start Soon 


A variety of modern manufac- 
turing techniques will be pre- 
sented in a series of two-day 
seminars beginning this month. 

The programs, listed below, are 
offered by the American Society 
of Tool and Manufacturing Engi- 
neers. The fees are $45 for 
ASTME members, $60 for non- 
members. Gilbert E. Seeley, 
ASTME Headquarters, 10700 Pur- 
itan, Detroit 38, Mich., has fur- 
ther information. 

High Energy Rate Forming—De- 
troit, Sept 27-28; Denver, Apr 11- 
12. 

Manufacturing with Space Age Met- 
als—Philadelphia, Oct 10-11. 


Prototype and Short Run Tooling 
Methods—New York City, Nov 8- 
9; Charlotte, N. C.. Jan 28-24; 
Dallas, Mar 7-8. 


Electric Machining and Forming— 
Hartford, Conn., Dec 6-7. 

Die Design and Press Tooling— 
Hartford, Conn., Feb 7-8. 

Automatic Production—Numerical 
Control—Cleveland, Feb 27-28. 

Carbide and Ceramic Tooling—Chi- 
cago, Mar 28-29. 


Process Planning and Reliability— 
Cleveland, May 7-8. 


Group to Standardize 
Filament Winding Tests 


A task group is hard at work on 
the problem of establishing stand- 
ard test methods for filament 
wound materials. 

This group, created within Com- 
mittee D-20 on Plastics of the 
American Society for Testing Ma- 
terials, has begun a series of 
repetitive tests that will include 
many different methods. These 
efforts are directed toward estab- 
lishing the test methods that will 


best provide for data comparison 
throughout the industry, and for 
more reliable test interpretation. 

(The special requirements of 
filament winding tests are dis- 
cussed in M/DE, Aug ’60, pp 127- 
146.) 


Aluminum Extrusions to Win Awards 


An ingenious extrusion, or an 
ingenious part made from an ex- 
trusion, may win you an award 
from The Aluminum Assn. The 
association will give an award for 
an aluminum design in each of 
these categories, and a trophy to 


the company that nominates each 
winner. 

The entry deadline is Sept 29. 
Details and entry forms may be 
obtained from the Awards Com- 
mittee, The Aluminum Assn., 420 
Lexington Ave., New York 17. 





News of Societies 





American Welding Society 
has awarded Dr. N. N. Rykalin, 
of the USSR Academy of 
Science, the Educational Lec- 
turer Certificate Award for out- 
standing contributions to the 
Society. 


Copper & Brass Research 
Assn. has elected the follow- 
ing officers: re-elected president 
—G. P. Bakken, Chase Brass 
& Copper Co., Inc.;_ senior 
vice-president—E. P. Dunlaevy, 
Phelps Dodge Copper Prod. 
Corp.; treasurer—F. L. Riggin, 
Sr., Mueller Brass Co.; secretary 
—C. H,. Pihl. 


Drop Forging Assn. has elec- 
ted the following officers: presi- 
dent—William A. Carlile, Jr., 
Columbus Bolt & Forging Co.; 
vice-president— Walter H. Stock- 
ing, Pittsburgh Forgings Co. 


Fourth International Plansee 
Seminar has awarded Dr. John 
T. Norton, Dept. of Metallurgy, 
Massachusetts Institute of Tech- 
nology, the Plansee Plaque 
Award in recognition of his 
contributions in powder metal- 
lurgy. 


Institute of Environmental 
Sciences has elected the follow- 





ing officers: president—A. B. 
Billett, Vickers Inc.; executive 
vice-president—D. J. Fox, Fen- 
wal Inc.; executive secretary— 
H. Sander. 


Research Council on Riveted 
and Bolted Structural Joints 
has elected as chairman Rich- 
ard B. Belford, technical advisor, 
Industrial Fasteners Institute. 


National Electrical Manufac- 
turing Assn., Insulating Ma- 
terials Div., has elected the fol- 
lowing officers: chairman—E. R. 
Perry, National Vulcanized Fi- 
bre Co.; vice-chairman—D. J. 
O’Connor, Jr., Formica Corp. 
and R. L. Westbee, Minnesota 
Mining & Mfg. Co. 


National Society of Profes- 
sional Engineers has elected 
the following officers: president 
—Murray A. Wilson, consulting 
engineer; treasurer—Russell B. 
Allen, assistant dean of engi- 
neering, University of Mary- 
land, 


Standards Engineers Society 
has elected the following offi- 
cers: president—H. R. Terhune, 
International Telephone & Tele- 
graph Corp.; vice-president— 
K. W. Truhn, Bendix Aviation 
Corp.; secretary—R. F. Franci- 
ose, General Electric Co.; treas- 
urer—E. Woerter, American 
Machine & Foundry Co. 
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re Because of this ex- 


trusion, engineered with 
Olin Aluminum, 15 floors 
of the TIME-LIFE build- 
ing in New York City can 
be quickly re-shaped with 


nothing more than this: 


Olin engineers helped design this unique extru- 
sion to serve as the universal junction of movable 


ers and architects that modesty forbids telling 
all. As versatile as aluminum is, it doesn’t think, 


wall panels. The genius of this extrusion makes 
it possible to change office size, shape and color 
in jig time with nothing more than a screw- 
driver! So many Olin ideas like this have saved 
so much time and money for fabricators, design- 


For more information, turn to Reader Service card, circle No. 381 
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doesn’t create designs, or doesn’t fabricate itself. 
That’s why Olin Aluminum offers you the serv- 
ices of its marketing and technical staff. They 
“think aluminum.” Don’t you think it would be 


a good idea to call olin gy ro 
wiin 
ALUMINUM 


400 PARK AVE NEW YORK 22. NEW YORK 





Coming Meetings 





ENGINEERING MANAGEMENT CONFER- 
ENCE, American Society of Mechani- 
cal Engineers and American Insti- 
tute of Electrical Engineers. New 
York City. Sept 14-15. 


STANDARDS ENGINEERS SOCIETY, INC., 
10th annual meeting. Chicago. Sept 
18-20. 


HiGH TEMPERATURE CERAMIC-ON- 
METAL PROCESSES CONFERENCE, Amer- 
ican Ceramic Society. Columbus, 
Ohio. Sept 20-23. 

STEEL FOUNDERS’ SOCIETY OF AMER- 
icA, 59th fall meeting. Hot Springs, 
Ark. Sept 24-26. 

PRESSED METAL INSTITUTE, annual 
meeting. Point Clear, Ala. Sept 24- 
28. 

AMERICAN WELDING Society, fall 
meeting. Dallas. Sept 25-28. 
Process INDUSTRIES CONFERENCE, 
American Society of Mechanical En- 
gineers. Houston. Oct 4-6. 
CONFERENCE ON PLASTICS FOAMS, 
Society of Plastics Engineers, Inc., 
Buffalo Section. Niagara Falls, N.Y. 
Oct 5. 

AMERICAN STANDARD 
national conference. 
10-12. 


ASSN., 12th 
Houston. Oct 


MAGNESIUM ASSN., 17th annual con- 
ference. New York City. Oct 16-18. 


2ND INTERNATIONAL CONGRESS ON 
VACUUM TECHNOLOGY, American 
Vacuum Society Inc. Washington, 
D. C. Oct 16-19. 

AMERICAN SOCIETY FOR QUALITY CON- 
TROL, 16th midwest conference. St. 
Louis. Oct 19-20. 


ABRASIVE GRAIN ASSN., fall meeting. 
New York City. Oct 23-25. 
METALLURGICAL Society, AIME, fall 
meeting. Detroit. Oct 23-26. 


43rpD METAL CONGRESS AND EXPosI- 
TION, American Society for Metals. 
Detroit. Oct 23-27. 


AMERICAN SOcIETY OF TOOL AND 
MANUFACTURING ENGINEERS, semi- 
annual engineering conference. To- 
ronto. Oct 26-27. 


AMERICAN NUCLEAR Society, 9th Hot 
Laboratory and Equipment Confer- 
ence. Chicago. Nov 6. 

STEEL FOUNDERS’ SOCIETY OF AMER- 
ICA, 16th annual technical & operat- 
ing conference. Cleveland. Nov 13-15. 
7TH ANNUAL CONFERENCE ON MAG- 
NETISM AND MAGNETIC MATERIALS, 
American Institute of Electrical 
Engineers. Phoenix, Ariz. Nov 13- 
16. 

SYMPOSIUM ON CERAMICS AND CoMm- 
POSITES, COATINGS AND SOLID BOoDIEs, 
Society of Aerospace Material and 
Process Engineers. Dayton, Ohio. 
Nov 14-15. 

AMERICAN SocreTY OF MECHANICAL 
ENGINEERS, winter meeting. New 
York City. Nov 26-Dec 1. 
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Ah, BE crm aie 


| Look what R/M is doing with TEFLON* 


CALL R/M FOR 
SPECIALTY PARTS 


R/M is uniquely equipped to machine 
intricate and complex “Teflon” parts 
to your specifications. We utilize spe- 
cialized machines not practical for the 
mass production fabricator to operate 
—and techniques based on many years 
of “Teflon” experience. 

When you want to use the unique 
properties of “Teflon,” such as resist- 
ance to corrosion and temperature, 


high dielectric strength, low coefficient 
of friction and non-adhesive qualities, 
call on R/M — leader in “Teflon” 
processing know-how and engineering 
service. 

Discuss your technical “Teflon” ap- 
plications with our home office or any 
of the district offices listed below. 
Enjoy one-source service that will save 
you time, trouble and money. 


*Registered trademark for Du Pont fluorocarbon resins 


PLASTIC PRODUCTS DIVISION 


RAYBESTOS-MANHATTAN, INC. 


Manheim, Pa. 


BIRMINGHAM 1 © CHICAGO 31 ¢ CLEVELAND 16 + DALLAS 26 e DENVER 16 + DETROIT 2 
HOUSTON | « LOS ANGELES 58 « MINNEAPOLIS 16 » NEW ORLEANS 7 « PASSAIC « PHILADELPHIA 3 
PITTSBURGH 22 » SOUTH SAN FRANCISCO § + SEATTLE 4 « PETERBOROUGH, ONTARIO, CANADA 


SPECIALISTS IN ASBESTOS, RUBBER, ENGINEERED PLASTICS, SINTERED METAL 


For more information, turn to Reader Service card, circle No. 324 
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YOU REDUCE COST 
WITHOUT SACRIFICING QUALITY 


when you specify B&W Lectrosonic J.I.C. Hydraulic Line Tubing 


}.1.C. Standards for hydraulic fluid line applications now permit 
the use of welded or seamless steel tubing on an equivalent basis. 
B&W Lectrosonic” welded carbon steel tubing meets all such J.1.C. 
Standards—and has been proved by 6 years of rugged B&W field 
testing. What's more, B&W Lectrosonic tubing is produced under the 
most rigid quality control procedures in the industry. Tests are made 
before, during and after manufacture. The key phase: 100% ultra- 
sonic inspection of the weld in line production. The result: superior 
electric-resistance welded tubing that does the job of seamless while 
it maintains the low cost advantages of welded. 

See how B&W Lectrosonic tubing can meet your hydraulic line 
requirements, Just call your B&W District Sales Office or write for 
Bulletin T-435. The Babcock & Wilcox Company, Tubular Products 


Division, Beaver Falls, Pennsylvania. 


THE BABCOCK & WILCOX COMPANY 


TA-1009-M TUBULAR PRODUCTS DIVISION 


Seamless and welded tubular products, solid extrusions, rolled rings, seamless welding fittings and forged steel flanges—in carbon, alloy and stainless steels and special metals 





For more information, turn to Reader Service card, circle No. 403 
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Cryogenics: aluminum vs nickel steel 
To the Editor: 

You are to be congratulated on the comprehensive 
and interesting special report on cryogenics (“The 
Role of Materials in Cryogenics,” M/DE, July ’61, 
p 107). It is indeed unusual to find so much infor- 
mation in one package on the various aspects of this 
increasingly important field. 

However, the statement that “Table 6 compares 
the relative cost of tanks made from aluminum al- 
loys, stainless steel and ASTM A353” is rather mis- 
leading. Actually, the table covers the relative cost 
of material only, and not the full cost of a completed 
tank, including the very substantial cost of fabrica- 
tion—which is greater for ASTM A853 (9% nickel 
steel) than it is for aluminum. 

We have made extensive fabricated-cost studies to 
develop final cost data in comparing cryogenic tanks 
made from 9% nickel steel and 5083-0 aluminum 
alloy. Two actual jobs, one shop-fabricated and one 
field-erected, have been compared. In these studies, 
we have based the aluminum materials cost on an 
average price of 58¢ per Ib, which is a truer figure 
than the 60¢ price cited in Table 6. 

The studies show that shop-fabricated tanks are 
very close in cost, but that field-erected tanks are 
substantially less costly in aluminum. 

We will be glad to make our comparative study 
reports available to anyone interested in them. 


Dan R. CHEYNEY 

Manager 

Industrial Sales Engineering 

Kaiser Aluminum & Chemical Sales, Inc. 
Oakland, Calif. 


Pressure vessel steel 
To the Editor: 

We would like to point out that you overlooked us 
in your article on “High Strength Steel for Pressure 
Vessels” (M/DE, July ’61, p 154). Our SSS-100 has 
also been approved for use in welded pressure vessels. 


RoBERT WHITE 
Manager Alloy Sales 
Sheffield Div. 

Armco Steel Corp. 
Houston, Tex. 


M/DE manuals win approval 
To the Editor: 

Would you please advise me whether or not the 
technical manuals have been bound into one volume. 
I find them quite valuable and interesting, but I 
would prefer to have them also in a separately bound 
and indexed volume. Such volumes at reduced prices 





ADVANCE designs and 
produces zinc and 
aluminum die casting 
components for 
manufacturers from 
coast-to-coast. 

Whatever your zinc or aluminum 
die casting needs may be, 
ADVANCE has the creative 
engineering and production 
skill that improve product 
parts and lower costs. 


It can pay you to write ADVANCE 
for a survey and cost estimate 
on that next die cast part. 


ADVANCE 


TOOL AND DIE 
CASTING CO. 


3780 N. Holton St 


Milwaukee 
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For example, “‘Mylar’’* polyester 
I \ pot) 


Tough, durable Mylar” film gives many products extra 


resistance to chemicals, moisture 


4 and aging . . . lengthens their life. 
cuts costs eee improves Today,‘‘Mylar’’, with its high ten- 
sile strength in thin gauges, is im- 
proving the performance of prod- 
product performance ucts as different as wire and cable 
tapes and loose-leaf-sheet protec- 
tors. 

Can this unique plastic film and 
products made with it help you? 
For more information on ““Mylar’’, 
write the Du Pont Company, Film 
Dept., Room S-8, Wilmington 98, 

Delaware. 


Better Things for Better Living through Chemistry 





DU PONT 


1. Conveyor belts of “Mylar” 2.Age-resistantrecordingtapes 3. Roll-back shelving of 
are easy to install, need fewer of “Mylar” won't ever dry out “Mylar” gets rid of retail stack- 
replacements, are easy to keep or get brittle ... are highly ing and stocking headaches 


clean cut “downtime,” re- stretch- and break-resistant... As shoppers remove items POLYESTER FILM 
duce costs assure lasting fidelity “Mylar” rolls back. 


For more information, turn to Reader Service card, circle No. 
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might prove to be more of an incentive for new 
subscribers. 

Incidentally, I have been familiar with the tech- 
nical publications, especially those in the metals 
field, for about six years and I can honestly say that 
MATERIALS IN DESIGN ENGINEERING is my favorite 
for obtaining information about all materials. 

I find the manuals to be most interesting. As a 
small criticism, I’d like to see a more extensive ref- 
erence list with the manuals, 

S. R. KEGLEY 
Metallurgy Dept. 
Goodyear Atomic Corp. 
Portsmouth, Ohio 
To the Editor: 

Please accept my compliments on the outstanding 
subjects you have selected for your manuals during 
the past year. The one on materials testing (“New 
Directions in Materials Testing,” M/DE, June ’61, 
pp 117-148) was especially outstanding .. . 

VERNON A. STURM 
Retired Professional Engineer 
Seattle, Wash. 


Reprints of many M/DE manuals and special re- 
ports are available for a small fee; also, subscribers 
to M/DE may take advantage of a special service: 
you can receive reprints of a year’s supply of man- 
uals and/or special reports as they are published for 
only $4.50 (see 166). So far there has not been suffi- 
cient demand for binding and indexing manuals to 


justify the cost. 


More on probability paper 


To the Editor: 

Although I am not a statistician, I have always 
been interested in and have made use of statistical 
methods. Here is a little more information on the 
subject (probability paper: M/DE, Nov ’60, p 138; 
Feb ’61, p 32; and Apr ’61, p 29). 

The question of plotting positions is discussed by 
E. J. Gumbel in Statistical Theory of Extreme 
Values and Some Practical Applications, National 
Bureau of Standards Applied Mathematics Series, 
No. 33, U. S. Government Printing Office, Washing- 
ton, D. C., 1954. 

Gumbel shows that the proper plotting positions 
are 1/(n + 1), 2/(n + 1) n/(n + 1). The use 
of other subterfuges involves the loss of data, un- 
warranted assumptions, or complicated calculations. 

H. S. ENDICOTT 
Electrical & Electronic 
Materials Engineering 

General Electric Co. 
Schenectady, N. Y. 





ULTRASONIC 
PROBLEM 
BUSTERS by 
BRANSON 


FLAW DETECTION 


SONORAY® ULTRASONIC 
FLAW DETECTOR 
SONORAY detects and locates 
flaws. SONORAY measures 
thickness and detects metal- 
lurgical variations. 

* compact 
* portable 
* low cost 


ULTRASONIC PROCESSING 


SONIFIER 

Emulsifies on a continuous 
basis up to 20 galions an hour. 
Can also be used for disper- 
sion of solids in liquids and for 
homogenization studies. 


CUSTOM ENGINEERING 
Branson's experienced, factory-trained specialists are 
ready to assist you anywhere in the U. S. for your custom 
engineering needs. Teli us about your particular problem 
and Branson's engineering department will try to find 
the best possible solution in the shortest possible time. 


fy RANSON INSTRUMENTS, INC. 


Ultrasonic Power Division 
Ultrasonic Test Division 


17 Brown House Road, Stamford, Conn. 
For more information, turn to Reader Service card, circle No. 397 
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Painting in background: “The Piping Shepherd,” by Sir Joshua Reynolds, P. R. A. (1723—1792) 
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New cost savings for 
users of dielectric materials 


. a progress report on the MYCALEX METHOD 
from Jerome Taishoff, President, Mycalex Corporation of America 


“I don't have to tell you about the profit squeeze. It's 
a hard fact-of-life throughout our industry today. 
That's why we feel the MYCALEX METHOD-—the 
unique molding and finishing technique we recently 
developed—offers so much promise. 


Sample quotations point to cost savings up to 84% 


“The many months spent in the developing of this 
new process enable us to turn out better-performing 
products for less: savings we, in line with our policy, 
will pass along directly to our customers. And those 
savings promise to be substantial! Note the typical 
parts shown in the photograph below, as well as the 
two mechanical diagrams. As you can see, this new 
production technique reveals cost reductions of 78% 
and 84%, respectively, when compared to previous 
cost quotations.” Just as important, the savings are in 
addition to the high reliability SUPRAMICA*® cera- 
moplastics and MYCALEX® glass-bonded micas are 
noted for. 


We are exhibiting at the N.E.C. Show 
Booth 346-348 + Oct. 9-11 « Chicago, Ii!. 


General Offices and Plant: 122 Clifton Boulevard, Clifton, N. | 
Executive Offices: 30 Rockefeller Plaza, New York 20, 
Worid’s largest manufacturer of ceramoplastics, giass-bonded mica and synthetic mica products 


Savings plus quality with the MYCALEX METHOD 
Though these intricate parts now cost much less to 
make—they offer the temperature endurance, total 
dimensional stability, high dielectric strength and 
low loss that SUPRAMICA and MYCALEX formula- 


tions have been delivering for years. 


Choose from any of these famous materials 


SUPRAMICA 620 “BB”, 560 and 555 ceramoplastics 
and MYCALEX 410 glass-bonded mica. Maximum 
Temperature Endurance (unstressed): 1200, 930, 
650 and 650°F; Loss Factor (10° cycles/sec. ) : 0.020, 
0.010, 0.013, 0.010; Compressive Strength (psi): 
30,000, 25,000, 40,000 and 40,000, respectively. 

So for electronic insulation materials with the high- 
performance properties you must have—at a profit- 
protecting price — look into the new MYCALEX 
METHOD. Send your blueprints and drawings for 
specific quotations and information. 


78% LOWER IN PRICE 


750 DIA.—+ — 4125 


.318 2 


84% LOWER IN PRICE 
I~ ‘: e. ate 


Q © 


Les DIA. 














MY CALEX 


CORPORATION OF AMERICA 


Y 
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The protective alloy case exhibits excellent corrosion resistance to O02 004 006 

a variety of media such as tap water, weathering environment, DEPTH FROM SURFACE. INCHES 
steam, 3.% aqueous salt solution, nitric acid, fruit juices, milk prod- 

ducts, soap solutions, and petroleum products. Ty irve for vapor dif 


Usually, the protective alloy surface possesses a matte, silky grey 
appearance. However, by a modification of the processing param- 
eters, a lustrous silver-colored surface may be achieved. 


The exact properties of the protective alloy case, such as the degree 
of corrosion resistance, surface hardness, and case ductility, are 
dependent upon the type of low-carbon steel, its cross-sectional 
thickness, and the processing parameters. 
The protective case may be adjusted to penetrate into the parent 
material to a controlled reproducible depth, usually 0.002 to 0.004 
inches, is integral with the parent material, and will not chip, peel, 
or spall. 
These materials may be joined subsequent to the Vapor Diffusion of 
chromium by brazing, spot welding, seam welding, or arc welding 
with stainless steel filler rod. 
Our staff can assist you 
tective coating problems. 
Bolt with vapor diffused chromium coating 


14, Ch ++ GZ . gp 
Maw Veen Casting Company 


DIVISION OF HOWE SOUND COMPANY 
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BONDS THEM ALL! 


SILICONE 


RUBBERS 
¥ 


HYPALON 
* 


VITON A 
e 


FLUOREL 
* 


SPECIALTY 
ELASTOMERS 


...and gives you better results at less cost 


Chemlok 607 Adhesive offers unmatched advantages for bonding uncured 
specialty elastomers: 

Versatility — You can bond a great many compounds of specialty elastomers to 
metals, glass, plastics, textile fibers and other substrates. 

Better Bonding — You get high strength bonds with environmental resistance 
equal to the stock, even at temperatures as high as 500°F. 


Greater Economy — You need only one thin coat of Chemlok 607 and you can apply 
it with standard methods. It dries quickly and is less susceptible to humidity and 
processing variations. This gives you faster production, more uniform results, less scrap 


It will pay you to investigate Chemlok 607 Adhesive. Write for complete technical 
details and evaluation samples. 


watch Hughson — for progress HUGHSON CHEMICAL co 
through creative research h ug h som A Division of Lord Manufacturing Co 


Erie, Pennsylvania 
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How 
METALOGICS 
cools off the 
high-cost hot seat! 


* 


The following case histories are typical of how Ryerson Metalogics helps hundreds 
of companies save money, improve products, and cut production waste. 


Metalogics-trained Ryerson specialists help you value-analyze cost-soaring pro- 
duction problems—and they back up their suggestions with unbiased recommenda- 
tions on exactly the right steel, aluminum or plastic to do each job best for less. 


Little wonder, then, that more and more companies across the country find the 
high-cost hot seat a little cooler after inviting a Ryerson man to value-analyze 
specific problems, and come up with recommendations. Give him a call—perhaps 
he can help answer some of your high-cost questions. 


*METALOGICS—the Ryerson science of giving optimum value for every purchasing dollar. 


PRODUCTION COSTS REDUCED 40% 


Company was making chrome-plated table solution: make the legs from one piece of 
legs as a 3-piece weldment and having 3” O.D. soft-annealed, cold rolled, electric- 
problems in holding concentricity and mak- welded tubing—half the length tapered to 
ing proper preparation for the mirror finish. 2” O.D., holding concentricity to 1/32”. 
In addition, production costs were high. Results: surface was just right for chrome 
Ryerson recommended this Metalogical plating, and production cost reduced. 


THREAD GALLING ELIMINATED 


Manufacturer made this special coupling of aluminum to 
gain the advantages of light weight, corrosion resistance 
and easy machining. But a problem developed due to 
galling of threads. 

Following the recommendation of a Ryerson Metalogics 
specialist, the company hard-coated the parts by special 
low-temperature anodizing which produced a surface 
hardness of Rockwell 70 C. Galling was eliminated, and 
corrosion resistance increased. One more example of top 
technical help from Ryerson. 
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150 OPENINGS BURNED IN HUGE CONTROL PANEL ASSEMBLY 


Expert Ryerson flame-cutters burned more than 150 
openings in the steel plates that make up this huge con- 
trol panel assembly. 

Each opening had to be located and cut with extreme 
accuracy to permit proper installation of the complex 
instrument system. Distortion had to be carefully con- 


trolled and a high degree of flatness maintained so that 
the plates would have a good appearance when painted. 
Allsuch requirements were readily met by Metalogically- 
oriented Ryerson service—reducing production cost 
substantially. 

















One end of close-tolerance roll 


Note 3-step machining of bar 


SWITCH TO LEDLOY® STOPS TEARING...CUTS REJECTS 


In making this roller coater—Gasway Corp., Chicago— 
was having trouble machining C-1018 bar stock to pro- 
duce a close-tolerance roll. Three-step machining was 
required at both ends of the bar, and tearing was fre- 
quent with up to five stops per cut to regrind the tool. 

After studying the problem carefully, their Ryerson 
specialist recommended a change to Ledloy 300. Results 
from this fast-machining leaded steel: higher produc- 


RYERSON 


JOSEPH T. RYERSON & SON, INC., MEMBER OF THE g, STEEL FAMILY 


STEEL - ALUMINUM - PLASTICS - METALWORKING MACHINERY 


For more information, turn to Reader Service card, circle No. 411 


tion; longer tool life; rejects cut to a minimum. 

Other steels for this coater, including angles, expanded 
metal, and cut-to-size side plates, are also supplied by 
Ryerson. 

As P. A. Bill Vastine puts it, “Time and time again 
Metalogics takes me off the spot. It gives me technical 
help, plus convenient, dependable, single-source service 
on all my requirements.” 


METALOGICS 2 
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YEO iL /A\ € MOLDER: Santay Corporation, Chicago, Il. 
1A re, R BRAND 


TOUGH, HARD, RIGID POLYMERS FROM BORG-WARNER 


Compact, colorful and cordless, this all-transistor radio by 
RCA Victor is housed in a famous Impac”* case that gives rugged service; 
won't chip, crack or break in normal use. To achieve this dramatic 
durability, RCA Victor engineers specified cases molded of CYCOLAC 
brand ABS polymers for their complete line of transistor models. 
Light and smooth, this most versatile of all rigid plastics defies staining from 
chemicals and acids and retains its molded-in color for the lifetime of the radio. 
Easily formed into any intricate shape, CYCOLAC brand plastic lends beauty, 
protection and saleability to any product... radios, television, telephones. 
See why CYCOLAC is better in more ways than any other plastic. Write Dept. L-9. 


MARBON 


MARBON CHEMICAL vivision BORG-WARNER 


*CYCOLAC is the registered trademark of Borg-Warner WASHINGTON WEST VIRGINIA 
*IMPAC is the registered trodemark of Radio Corporation of America. 
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BS 


[roeee mes actuat size] 


CDF grade 160 


CDF grade 2450P 


CDF grade 522 


three outstanding new laminates! 


High legibility letters, numbers or 
symbols can be stamped on this new 
warm punch, paper phenolic grade in 
the same die used for blanking and 
piercing! No separate operation is 
necessary no registration prob- 
lems. Markings are permanent and in 
sharp contrast. Ideal for capacitor 
caps, terminal boards, panels, spacers, 
coil ends, socket bases. Meets NEMA 
X and XP requirements. 


Economical paper phenolic grade 
2450P can be punched warm and has 
improved mechanical strength and 
lower moisture absorption proper- 
ties. It is designed especially for 
mechanical and low voltage electrical 
insulation applications such as con- 
nector blocks, coil and bobbin ends, 
washers, plug and socket bases. Meets 


NEMA X and XP requirements. 


These are the newest materials of CDF research and 
engineering, developed to give you outstanding perform- 


ance at minimum cost. Your inquiry 


*Du Pont trademark 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK 


welcomed. 


, DELAWARE ¢ A SUBSIDIARY OF THE 


Excellent wet electrical and other 
improved properties make this new 
copper-clad glass fabric Teflon* 
laminate ideal for radar insulation, 
missile antennas, critical computer 
applications. Circuits based on this 
grade will show minimum drift under 
varying temperature and humidity. 
Also available without copper for 
such uses as high frequency insula- 
tion in wave guides, 


CONTINENTAL-DIAMOND FIBRE 


DRunkt# COMPANY 


e000 
For more information, circle No 
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New N-S stainless wire tests 100,000 psi 


From National-Standard research and develop- 
ment comes NS-355—a stainless steel, corrosion 
resistant spring wire having much greater elasticity 
than conventional stainless steel wire 

NS-355 is a semi-austenitic alloy, originally de- 
veloped for use in heavy wire sections fabricated 
from bar, billet or plate stock —applications requir- 
ing corrosion resistance, strength, durability and 
hardness. National-Standard searched for a way to 
apply these outstanding advantages to highly 
stressed spring wire applications. 

After comprehensive research in processing meth- 
ods, National-Standard metallurgists developed the 


capability to draw NS-355 alloy into exceptionally 
high-tensile spring wire. Spring production tests 
were made on .125 and .075 inch diameter wire sam- 
ples with a tensile strength over 100,000 psi higher 
than music spring wire, proving that NS-355 wire 
could be satisfactorily run on automatic coiling 
machines with excellent formability. 


Further evaluation tests were conducted in the 
Spring Laboratory of Bendix Corporation, South 
Bend, Indiana. Here, engineers ran life cycle tests 
on NS-355 stainless steel springs and determined 
spring modulus values. On a mechanical cycling 
unit—eight springs to a fixture—NS-355 springs 








above music wire 


were subjected to 600 compression cycles per min- 
ute—a total of 10-million cycles under stresses from 
20,000 to 150,000 pounds. 

The development of NS-355 stainless steel spring 


nre cres Ss anti , ow is ; ; y J 5 
wire creates - en irely new ° solution to highly National-Standard NS-355 stainless steel springs with 
stressed, corrosion resistant spring requirements for an index as low as 3 can be formed on automatic coil- 


jet engines, food and beverage equipment, chemical ing machines without breakage. 
machinery and a growing number of other special! 
wire applications. 
For more information about new NS-355 stainless NS Vy 
steel spring wire, or help in developing high quality “row NM ATIONAL-STANDARD COMPANY 


. . . . . STANDARO 
wire to meet your special or unique applications, COMPANY : cee 
Niles, Michigan 61-Wo3 


write National-Standard Company, Niles. Mich. 





Design engineers demand versatility 
... they get it with Stainless Steel 


Design Engineers constantly search for 
materials that will serve in a wide 
range of applications. Here’s why 
Carpenter Stainless Steels offer the 
versatility required to produce new 
products and improve present designs. 


Cold heading applications 


Wort hardening sf austenitic stainiess steets 


a 
0 
Percent cold work 
O—Type 30) @—Type 304 @~No 20 Alloy & A286 G~No 10 Alloy & Mo 12 Alloy 
Type 102 G—Type 316 f—Type 305 h—ferrite Grades 


The relative cold headability of aus 
tenitic stainless and heat resisting steels 
is determined by their ré spective work 
hardening rates Alloys showing the 
least amount of increase in hardening 
eT given degfee ot cold work nee 
ess work to form them. They thus 
Curves for the 
ibove chart 
305 stainless, a grade 


cause less tool wea 
austenitic grades in the 
show that Pype 
often used for cold headed parts has 
a much lower work hardening rate 
than Types 304 and 316. It also indi 
cates that Stainless No. 10 and No. 12 
spec ial stainless steels p” duced by 
Carpenter, have even lower work hard 
ening rates than Type 305, only slightly 
higher than rates for the ferritic grades 
such as rype £30 


Production cost cut 50% 


The switch to Carpenter Stainless 
No. 8 (Type 303) for these dishwasher 
hinge pivot pins increased production, 
improved quality ind provided a cost 


saving of 504% per part lool regrind- 


ing was substantially reduced, size tol 
erances were accurately held and final 
grinding operations were completely 
eliminated. Along with these benefits 
this customer received excellent corro 
sion resistance and brilliant finishes 
two vital requirements for the success 
ful production of this part 


Magnetic core applications 


LHS o 2 
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Alloys are 


appli i 


Four Carpenter Stainless 

available for magnetic cor 
tions that must operate for long pe 
riods in highly corrosive media. All 
tour are produced to spec ial quality 
consistent unl 
be hav 1OT This 


standards that assure 
formity in magnet 
magnetic behavior of stainless steels 
varies with their hardness. For con 
sistency and best magnetic properties 
the alloys should be in the fully an 
nealed condition after all machining 
operations The chart above shows the 
magnetization-permeability character 
istics of Carpenter No. 3, No. 5-F, 
No. 6-FM, and No. 446 as annealed 


One change... five benefits 


Original specifications for this missile 
part called for heat treated alloy steel 


[arpenter stee-! 


you can do it consistently better with Carpenter Stainless Steels for specialists 
The Carpenter Steel Company, Main Office and Mills, Reading, Pa 
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Export Dept., Port Washington 


with a tensile strength of 125,000 to 
145,000 psi. With the AISI 4130 steel 
selected for this part, the required fin- 
ish could not be obtained consistently 
on either the threading, milling or ream- 
ing operations. Another major problem 
was the 25% reject rate, caused by 
cadmium build-up on feathered edges 
of the threads after plating. A request 
for a specification change resulted in 
the switch to Carpenter No. 5 (Type 
416) and here’s what happened! Pro- 
duction increased 55% rejects 
dropped from 25% to 0. . . cadmium 
coating was no longer required 
grinding was eliminated delivery 
requirements were easier to meet. 


New 180-page working data book on 
Carpenter Stainless and Heat-Resisting 
Steels. Includes descriptions of all 
grades, information on selection, fabri- 
cation tips, corrosion tables and ap- 
plication data. Ask your Carpenter 
Representative, or write for a copy. 





Are you getting all these 
performance characteristics in 
the materials you specify ? 


brilliant finish 
maximum strength 
corrosion resistance 
uniformity 
hardness 

versatility 

good machinability 
ease of fabrication 
exacting tolerances 
long service life 
customer satisfaction 


Carpente! Stainless gives you 
all these 


' 
and more 











N.Y CARSTEELCO 


Alloy Tube Division, Union, N.J 
Webb Wire Division, North Brunswick, NJ 


Carpenter Steel of New England, Inc 


Bridgeport, Conn 


A For more information, turn to Reader Service card, circle No. 337 
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INJECTION MOLDED—This hospitai footstool is typical of the 
products and parts made of MARLEX for hardware, auto, 
appliance, furniture, housewares, toy, and other industries. 
(Footstool, Consolidated Molded Products, Scranton, Pa.) 


By every method... 
MARLEX* quality assures success 


MARLEX high density polyethylenes, ethylene 
copolymers and tailored resins afford you versa- 
tility and outstanding product quality at mod- 
erate cost. They enable you to produce items 
which are durable, tough, light, corrosion proof 
and rot proof... and produce them at low cost. 
Products made of MARLEX withstand tempera- 
ture extremes (-180°F to 250°F)... acids, alkalies, 
oils and greases. Get complete information about 
MARLEX today! Your inquiry will get prompt 
attention and an early response. 

*MARLEX is a trademark for Phillips family of olefin polymers. 


ERCEN 
natu MALLY 
“*© MO1ST NO DUST.._RE 


EXTRUDED—Large and small pipe for many uses, electrical 
conduit, filament and yarn for rope and fabric, sheet or clear 
film . . . are extruded products made better of MARLEX. 


For more information, see your plastic fabricator, or contact us. 


PHILLIPS CHEMICAL COMPANY 
Bartlesville, Oklahoma MARLEX 


A subsidiary of Phillips Petroleum Company 


For more information, turn to Reader Service card, circle No. 455 
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foil down to .001 in thickness... and fine wire only 


In all ways, René 41 is a remarkable alloy. No other 
ised in production today .0015 in diameter. 
For complete details, write for Technical bulletin 


No. 86. 


TM of General Electric Co. 


lle 
ALiUY 


high-temperature 
equals its tensile 
René 41 is far ahead of the field. 


this nickel-base, 


strength. In other properties, too, 


Also important. vacuum-melted 


alloy is easy to work with. It’s readily formable by 
drawing, bending, spinning welds to similar o1 a na 
René 41 in standard LJ ye M aye 
JLTRA MEI 


dissimilar materials 
Cannon-Muskegon offers 
thick, in smaller sizes 
VACUUM ALLOYS 
in diameter... 


36"x 96” sheets .015" to .125 
down to .010", in bar stock up to 3 


CANNON-MUSKEGON CORPORATION 


2873 Lincoln Avenue * Muskegon, Michigan 


METALLURGICAL 


For more information, turn to Reader Service card, circle No. 375 
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Handsome and Hardworking 


Plexiglas ...Implex 


Flashing lights at sea shine brightly through large lenses and 
covers molded of PLEXIGLAS® acrylic plastic. The PLEXIGLAS 
parts are used in navigation lights for the U. S. Coast Guard, at 
a fraction of the cost and weight of cut glass lenses. Precision 
molding of the lens pattern gives the PLEXIGLAS lens maximum 
efficiency in light control, and the material resists weather, 
breakage and salt water. 


Winking lights at home are revolutionizing indoor photography 


by making indoor pictures without flashbulbs possible, with the 


new wink-light attachment shown above. Tough IMPLEX®, the 
high impact acrylic, gives handsome appearance and rugged dur- 
ability to the housing. PLEXIGLAS is used for the lens. 

We will be glad to help you use these Rohm & Haas acrylic mold- 
ing materials—to your advantage. 


HAAS 2 


PHILADELPHIA S, PA. 


In Canada: Rohm & Haas Company of Canada, Ltd., West 
Hill, Ontario. 


For more information, turn to Reader Service card, circle No. 477 
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COLD 
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Spherical 
Within 
0.000020” 
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Tolerances up to 0.000020” can be obtained on Coors high alumina spherically 
ground balls. Tolerances remain constant at cryogenic, room or elevated tem- 
peratures, because the material is dimensionally stable over a wide temperature 
range. Applications for Coors spherically ground balls include bearings, gauges 
and check valves. Coors high alumina ceramics are hard (Rockwell 45N 75-81) and 
extremely wear resistant—over 240,000 psi to over 350,000 psi compressive 
strength—completely homogeneous—chemically inert—non-magnetic—less than 
half the weight of steel, less than one-fourth the weight of tungsten carbide 
Spherically ground balls, spherical within 0.0001”, are kept in stock covering a 
wide range of sizes. Write for Data Sheet No. 5004. Regional Sales Managers 
$ ‘ § ” Jr... EM 6-8129, Redw 1 City, Calif.; Miowest, John E. Marozeck, FR 2-7100 
GL 4-9638, Car n, Ohi East Coast, John J. McManu MA 7-3996 

i G. McDonald, FR 4-0663, Schenectady, N. Y SOUTHWEST, Kenneth 

Om Fieco Inpustry, William H. Ramsey, UN 4-6369, Houston, Texa 


ALUMINA CERAMICS 


Coors Porcelain Company 
For more information, circle No. 447 GOO NINTH STREET « GOLDEN, COLORADO 














The Prime Mover Company, Engineers of the Prime Mover Company, Mus- 
catine, Iowa, demanded the most dependable steel 
{ \ pk bars available for six important parts of their 
M 5 OS transmission assembly. Here are some of the 

reasons they specified STRESSPROOF! 


SS ——— . 
| >——7 manufacturer of materials 


/. 4 . 
Ss handling equipment, says: 


Our me Prime Movers” | You don’t have to heat treat sTRESSPROOF! There’s 


no heat treat distortion. 


give these 6 parts a | STRESSPROOF is strong . . . 100,000 psi. 
terrific beating & that’s | It machines faster . . . at 83% the speed of B1112. 


It wears better without case hardening . . . re- 


why they’re made of | placing .40 carbon alloy steels and other heat 


treated and alloy steels, such as 8640, 4140, 


LaSalle | C1045, C1141, and C1137. 


It costs less than heat treated in-the-bar alloys. 
STRESSPROOF’ 


STEEL BARS 
th copper 


Without Heat Treating 


YY 


Worm Shoft, 1%” Input Shaft, 1542” Driving Axle, 142” 





Shifting Shoft, 34” Reverse Pinion, 3” Bearing Carrier 
Clutch Throwout, 244" 








7) 7 


' Use this coupon to request technical bulletin announcing improvements in LaSalle sTRESSPROOF Steel Bars...with copper. 


STEEL CO 1418 150th Stree 
aA Salle * . . 7 en 
wach a hes Hammond, Indiana 


Name 


Please send technical § Title 
bulletin ‘'Today's 
Improved LaSalle Company__ 
STRESSPROOF Steel 


Address 
Bars...with Copper. 





sa = = e Zone__ State 
For more information, turn to Reader Service card, circle No. 415 
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Styron ... high impact Dow polystyrene 


streamlines production in deep-draw, vacuum-forming operation for Admiral 


lhe Styron® high impact polystyrene liner in Admiral Sales Corporation’s new nine-cubic-foot apartment- 
size refrigerator cuts production time by 90% and up-grades quality and product appearance at the 
same time. This new concept in thermal forming offers designers and fabricators unlimited opportunities 
for deep-draw, one-piece components. 

Using a new rotary vacuum-forming machine, and fifteen pounds of high-impact Styron 475B, Admiral 
deep-forms a one-piece refrigerator liner 464" high x 2334” wide x 20"%4." deep in two minutes! Contrast 
the half-hour total production time and the reduction in float quantities required in this operation with 
the five hours’ total production time and twenty-two pounds of material required to fabricate the 
previously used liner. 

The finished design: a smooth, food acid 
resistant liner with built-in color that won't 
crack, chip, or rust... with no joints... and 
with more efficient insulating qualities. 

Formed into the liner are the crisper rail, two 

shelf supports, grooves, a two-position Light stabilized panel, extruded of Styron Verelite*, enables this K-S-H 
freezer drawer slide rail, and four bosses for "8°'ns ture to Provide alow brightness controlled light. 

mounting the evaporator. 

The unusual size of Admiral’s one-piece 
vacuum-forming operation opens the door to 
deep-drawn designs of even larger and more 
complex shapes. May we add our experience 
to yours to help solve a design problem? —— 


: , : ‘ ‘ Transistor radio-phono combination by Wastebasket by Rubb duse 
Drop usa line in Midland, Attention: Plastics Bell Products is enclosed incase of Styron* flexible, chip-fesistant, eesy-to- 


for good impact strength and brilliant clean Dow medium density poly- 


Sales Department 1721CD9. coler styling. ethylene. Letter tray of Styron 


THE DOW CHEMICAL COMPANY <> Midland, Michigan 


For more information, turn to Reader Service card, circle No. 387 
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THAT EXTRA TOUCH OF GRACE: Technical Information 


The flood of daily data about new plastics resins, equipment and developments 
in molding and fabricating seems never-ending. How can any one person keep up 
with it? The Grace staff is prepared to help plastic resin customers in their 
search for specific technical information. Your Grace representative offers 
a variety of Grace publications plus the literature resources of the Grace 
libraries. This is another of the ten major services available under the Grace 


vw. R.GRACE & CO POLYMER CHEMICALS DIVISION, CLIFTON, N. J 
HYLENES - GRACE POLYSTYRENES - MOPLEN* POLYPROPYLENES © *sowrecarins Taacemanx PLASTICS 


For more information, turn to Reader Service card, circle No. 488 


Service Plan; your representative has details. 


GREX®@® POLYET 
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@ SUPPLIERS’ FREE LITERATURE. Turn page for current list, pp 47-51. 
@ INFORMATION ON ADVERTISED PRODUCTS. Key numbers appear on or next to most advertisements in this issue. 
m@ MORE INFORMATION ON NEW PRODUCTS. A key number is given at the end of most articles in the 


What's New in Materials section. 


m@ REPRINTS OF M/DE MANUALS. These are available for a small charge; see reverse side of this card. 
@ SUBSCRIPTION TO M/DE. Just check one of the blocks provided at bottom of reply card. 


Simply circle the appropriate key num- 
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Permanent magnet has 
highest power 
Thermocouple alloy 
for 5000 F , 13 
spring wire 
for 


12 602 
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tee 
Aluminum alloy 
sand cast parts 
Superconductive wire 


PLASTICS & RUBBER 


Stiffer polypropylene 
Large nylon shapes 
Light ablation piastic 
Phenolic extrusions . 
Two synthetic latexes 


Polycarbonate resin 
Two nylon 6 resins 


OTHER NONMETALLICS 


Silicone fluids are 
solvent resistant 

Colloidal alumina 
strengthens materials 

Fiberglass roving for 
spray gun use ... 


180 
186 


204 


FINISHES, COATINGS 


Aluminum-plastics coating 
Gold electropiates 
Rust preventive oll 
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Neoprene adhesive has 
high peel strength 

High temperature nut 
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Chemical 
illus. Ad- 
properties, 
the use of 
interior 


Plastics. Marbon 
Div., Borg-Warner Corp., 
vantages, characteristics, 
and other information on 
ABS plastics for automobile 


ABS 


components, including steering wheels, 
lash panels, seat shells, trunk liners, 
ete 


Beryllium Copper Strip, Brush 
Beryllium Co., 4 pp. Composition, spe 
cifications, physical and mechanical 
properties, heat treatment, forming 
and joining data, plating and coloring 
i! fo mation, available and a 
chart showing tensile strength versus 
formability of beryllium copper strip. 


sizes, 


Spun End Tube. Wolverine Tube 
Div., Calumet & Hecla, Inc., 32 pp, 
illus. Information on a new method of 
forming tube which combines reduc- 
ing, necking, closing, fabricating, etc. 
Includes information on what the 
process is, what it will do, what ma- 
terials can be used, tube sizes, and a 
series of case histories which illustrate 
advantages of new method over old 
method. 


Resistance of Steel to Hydrogen. 
Climax Div. of American Metal Cli- 
max, Inc. Summarizes the present 
state of knowledge and suggests fu- 
ture potentialities. Covers a wide 
variety of engineering steels and dis- 
cusses such things as physical-chemi- 
cal reactions; heat treatment and 
welding; tensile, toughness and long 
time stress-rupture characteristics; 
structural changes; etc. 


Plastics Data Sheets. Conneaut 
Rubber & Plastics Co. Series of data 
sheets cover nine of the most widely 
used thermoplastic materials, includ- 
ing vinyls, polyethylene, styrenes, 
butyrate, nylon, chlorinated polyether, 
and ABS polymer. Includes data on 
typical uses; physical, electrical and 
chemical characteristics; and _ sizes, 
forms, and available colors. 


industrial Ceramics. Du-Co Ceram- 
Co., 16 pp, illus. Information on 
the services and facilities available 
for the production of steatite, for- 
sterite, cordierite, zircon porcelain, 
mullite, wollastonite, alumina, etc. In- 
cludes information on production and 
fabrication of typical extruded and 
pressed parts, and a chart giving phy- 


ics 


cal, mechanical, chemical and elec- 


trical properties of ceramic. 

Synthetic Rubber. E. I. du Pont de 
Nemours & Co., Inc., Elastomer Chem- 
Dept., 8 pp, illus., No. 100. 
ease histories illustrate ad- 
vantages, characteristics, and uses of 
neoprene, neoprene adhesives, Hypa- 
lon, and urethane rubbers. 7 


Polypropylene, 
Products, Inc., Plastics Div., 1 
illus., No. 9. General information on 
advantages and characteristics of 
polypropylene, including charts on 
chemical resistance, physical and me- 
chanical properties, and suggested 
formulas for various types of process- 
ing. 


Viny!l-Metal Laminates. Ename! 
Products & Plating Co., 4 pp, illus. 
Information on advantages, character- 
istics, sizes, and typical applications 
of vinyl-metal laminates and vinyl- 
steel and aluminum coils. 9 


Electrical Contacts. Fanstee! Metal- 
lurgical Corp., 4 pp, illus., Vol. 1, 
No. 1. Case histories illustrate ad- 
vantages, characteristics and typical 
uses of electrical contacts and con- 
tact assemblies made of tungsten, 
precious metals, and special ailoys. 10 


Gasket Materials. Garlock Inc., 
24 pp, illus., No. AD-190. Attempts 
to answer the following three im- 
portant questions: What are the best 
available gasket materials? How do 
you choose the right one? What 
is the correct gasket design? Includes 
information on chemical resistance, 
specifications, high pressure and high 
temperature applications, etce., for 
many standard and several newer 
gasket materials. 

Polycarbonate Films. General Elec- 
tric Co., Chemical & Metallurgical 
Div., Chemical Materials Dept., 13 
pp, No. CDC-396. General information 
and suggested applications, mechani- 
eal properties, effects of moisture, ef- 
fects of heat aging, permeability, 
chemical resistance, optical and electri- 
cal properties, area factor, production 
methods, and other information on 
polycarbonate films. i2 


Self-Bonding Silicone Rubber. 
General Electric Co., Silicone Products 
Dept., 4 pp, illus., No. CDS-57. Advan- 
tages, characteristics, properties, typi- 
cal uses, techniques, and other infor- 
mation on the use of self-bondin 

silicone rubber compounds. 1 


icals 


Series of 


Eastman Chemical 
PP, 


coated 


Polyethylene Insulation. Goodrich- 
Gulf Chemicals, Inc., 6 pp, illus., No. 
2. Properties, advantages, insulation 
resistance, and other information on 
the use of polyethylene for wire and 
cable insulation. 


Gray Iron Castings, Gray Iron 
Founders’ Society. Buyers’ Guide and 
Directory of Gray Iron Founders’ So- 
ciety lists 1) companies producing 
gray and ductile iron castings, includ- 
ing data on personnel, monthly pro 
duction, size, and type and use of 
castings; 2) trade marks; and 3) a 
list of foundries arranged by type of 
product manufactured. Write directly 
on company letterhead to Gray Iron 
Founders’ Society, Inc., National City- 
E. 6th Building, Cleveland 14, Ohio. 


Properties of Cast Irons. Hamilton 
Foundry Inc., 6 pp, illus., No. PS-561. 
Chart lists significant properties and 
specifications of approximately 40 
irons and alloys cast by this company. 
Includes information on heat treat- 
ments and typical cast parts. 15 


Polyurethane Foams. Durez Plastics 
Div., Hooker Chemical Corp., 4 pp, il- 
lus., No. D-300, Advantages, character- 
istics, properties, available forms, and 
other information on heat retardant 
polyurethane foams. 16 


Tooling Materials. Hysol Corp., No. 
T-100A. Advantages, characteristics, 
and typical uses of casting, laminat- 
ing, and surface coat compounds. 17 


Aluminum Casting Alloy. William 
F. Jobbins, Inc., 8 pp, illus. Advan 
tages, characteristics, properties, uses, 
availability, and other information on 
a new high strength shock resistant 
aluminum casting alloy. 


Silicone Fibers. Johns-Manville 
Sales Corp., Industrial Insulation 
Div., 4 pp, illus., No. IN-330A. Gen- 
eral information, availability, proper- 
ties, sizes, and other information on 
high temperature silicone fibers for 
insulation and reinforcement. 19 


Heavy Tungsten Alloy. Kennametal, 
Inc., 8 pp, illus., No. B-500. Informa- 
tion on sizes and shapes, typical appli- 
cations, physical and mechanical prop- 
erties, machining and joining recom- 
mendations, and other information on 
a heavy tungsten alloy for use in 
radioactive shielding, balancing, and 
high inertia rotation applications. 21 
Steel Bar. La Salle Steel Co., illus., 
series of case studies illustrate advan- 
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characteristics, properties, eco 

information on the 

various applica 
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tages, 
nomics, 
use ol 
tions. 


Ceramic, Investment Molding. 
Lebanon Steel Foundry, Specialty 
Foundry Div., 2 pp, illus., No. 8. In- 
formation on how ceramic and invest- 
ment molding are combined in a single 
casting to take advantage of the low 
tooling and pattern costs of ceramic 
molding and the added dimensional and 
tolerance control of investment mold 
ing. Includes description of process 
and typical parts being cast 2 


Etch Resistant Material. Meake: 
Co., Chemical Div., 4 pp. Advantages, 
characteristics, properties, and typical 
uses of an etch resistant material for 


printed circuit. 24 


Plastic Coating. Pfaudler Co., Div. 
of Pfaudler Permutit Inc., 4 pp, illus., 
No. 1007. Advantages, characteristics, 
uses, physical properties, corrosion re- 
sistance, method of application, and 
other information on a corrosion re 
sistant chlorinated polyether coating 
for metals. 25 


Stainless Steels. Republic Steel 
Corp., 32 pp, illus., No. 1223. Compo 
sitions, available forms, available con- 
ditions, typical applications, heat treat 
ments, fabrication data, and typical 
room and elevated temperature prop- 
erties of 17-4 PH, A-286, 17-7PH, and 


tner 
Dars Io! 


and 


steel 


Other Available Bulletins 





Irons & Steels 


e Parts ¢ Forms 


Manganese Steel Products. Amer- 
ican Manganese Steel Div., American 
Brake Shoe Co., 16 pp, illus., No. 2. 
Information on the use of manganese 
steel for hard facing and for construc- 
tion equipment. 40 


Viny!l-Metal Laminate. American 
Nickeloid Co., 6 pp, illus. Specifica 
tions, uses and fabrication of viny]l- 
sheets, strips and cuts. 

41 


metal laminate 


Metallurgy of Tubing. Babcock & 
Wilcox Co., Tubular Products Div., 36 
pp, illus. Series of short articles give 
information on such things as high 
temperature applications of tubing, 
elevated temperature strength, machin- 
ability, nondestructive testing, stress 
corrosion cracking, effects of alloying 
elements, residual stresses, heat treat- 
ment, hardenability, mechanical prop- 
erties, etc. 42 


48 «¢ MATERIALS IN 


1ardenable 


PH 15-7 Mo precipitation 
stainless steels. 


Machining Aluminum. Reynolds 
Metals Co. Information on tools, ma- 
chinability, speeds, lubricants, angles, 
etc., on machining aluminum, 27 


Polyvinyl Properties. Shawinigan 
Resins Corp., 12 pp. Advantages, char- 
acteristics, properties, and suggested 
uses for polyvinyl formal, polyvinyl 
butyral, polyvinyl alcohol and poly- 
vinyl acetate resins, emulsions and 
spray-dried powders. 28 
Tantalum-Tungsten Alloy. Stauffe: 
Metals Div., Stauffer Chemical Co., 2 
pp. Composition, physical and mechan 
ical properties, effects of rolling on 
hardness, effects of annealing tempe 

ature, elevated temperature tensile 
properties, stress - rupture data, and 
fabrication information on a 90 tanta 
lum-10 tungsten alloy. 29 


Reinforced Plastics. Swedlow Inc., 
illus., No. 300-61. A review of current 
materials, fabrication techniques, and 
applications of reinforced plastics. 
Special attention is given to high tem 
peratures. 


Machining Laminated Plastics. 
Synthane Corp., 8 pp, illus., No. S- 
1060. Provides general machining in 
formation and describes specific tech 
niques, including sawing, turning and 
boring, threading, automatic screw 
machining, drilling, milling, gear cut 
ting, punching, etc. Includes informa 
tion on design, sizes and grades. 31 


Copper-Clad Laminate. Taylor Fi 
bre Co., 2 pp, No. 51.5.15. General de 
scription, specifications, characteris- 
tics, tolerances, forms, properties, and 
other information on a glass-epoxy, 
copper-clad plastics laminate. 32 


Air Hardening Tool Steel. Timken 
Roller Bearing Co., Steel & Tube Div., 
4 pp, illus. Advantages, characteris 


Carbon Steel Bars. Bethlehem Steel 
Co., 32 pp, illus., No. 366. Information 
on how to select carbon steel bars. 
Covered are types of carbon steel; 
availability; effects of constituents; 
and descriptions of rimmed, killed, 
semi-killed, and capped steels. Also 
covered are heat treatments and fab- 
rication properties. 


Steel Castings. Calumet Steel Cast- 
ings Corp., 4 pp, illus. Specification 
chart lists compositions, tensile 
strength, yield point, elongation, re- 
duction of area, and Brinell hardness 
of carbon, alloy, and stainless steel 
castings. 


Machining Stainless Steels, Car- 
penter Steel Co. Slide chart gives pre- 
cise data on turning, drilling, tapping, 
threading, milling, and reaming stain- 
less steels. Includes relative workabil- 
ity and information on such operations 
as blanking, deep drawing, stamping, 
forging, heading, roll threading, weld- 
ing, etc, 


Stainless Steel Plate. Eastern 
Stainless Steel Corp., 16 pp, illus., Nos. 
152, 153. Advantages, typical applica- 
tions, specifications, and other infor- 
mation on stainless floor plate. 46 
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tics, properties, heat treatment, typi- 
cai uses, and other information on an 
air hardening tool steel. 3 

Overlay Fabrics. Union Carbide 
Chemicals Co., Div. of Union Carbide 
Corp., 8 pp, illus., No. T-2045. Prop- 
erties, advantages, methods of appli- 
cation, recommended uses and other 
information on the use of acrylic fiber 
overlay fabrics for protection of glass- 
reinforced plastic laminates 34 


Prealloyed Stainless Powder. Va- 
nadium-Alloys Steel Co., 2 pp. Compo 
sition, properties, applications, and 
other information on prealloyed stain- 
less steel powders. 35 


Cutting Tool Alloy. Vascoloy-Ramet 
Corp., 12 pp, illus., No, 6102. Charac- 
teristics, advantages, properties, avail- 
able types, uses, cutting speeds, and 
other information on a series of cobalt, 
chromium, tungsten, columbium, and 
carbon cutting tool alloys. 


Shell Mold Castings. Westinghouse 
Electric Corp., Materials Mfg. Dept., 
8 pp, illus., No. 52-520. Advantages, 
characteristics, suitable materials, typ- 
ical parts, design information, toler- 
ances, surface finish, size limitations, 
properties of materials, and typical 
applications of shell mold castings. 37 


Copper-Clad Laminates. Westing- 
house Electric Corp., Micarta Div., 8 
pp, No. B-8215. General information 
on advantages and characteristics; 
sizes and specifications; recommended 
applications; fabrication; and physi- 
cal, mechanical, and electrical prop 
erties of several grades of copper-clad 
plastics laminates. 38 


Powder Metallurgy Parts. U. S. 
Graphite Co., Div. of Wickes Corp., 6 
pp, illus., No. 19. General information 
on advantages, characteristics, toler- 
ances; design; selection factors; typ!- 
cal parts; and other information on 
powder metallurgy parts. 9 


Metal Powder Parts. Eaton Mfg. 
Co., Powdered Metals Div., 8 pp, illus., 
Vol. 18, No. 2. Article discusses metal 
powder parts in general, several meth- 
ods of producing them, equipment and 
facilities required, heat treatment of 
iron powder parts, and mechanical 
properties of various iron powders. 47 


Rolled Steel Rings. Edgewater Steel 
Co., 12 pp, illus. Describes and illus- 
trates a process by which rolled steel 
rings are formed from solid blocks. 48 


Ultra Thin Strip. Hamilton Watch 
Co., Metals & Electronics Div., 2 pp, 
illus. Services and facilities available 
for the production of ultra thin metal 
strip. Included is information on ma- 
terials available, special alloys, and 
sizes and tolerances. 49 


Stainless Steel Wire. Jones & 
Laughlin Steel Corp., Stainless & Strip 
Div., 22 pp, illus. Technical data and 
other information on how to use and 
order stainless steel wire. 50 
Steel Plate Shapes. Lukens Steel 
Co., 16 pp, illus., No. 378. Information 
on facilities available for flame cut- 
ting, shearing, blanking, punching, 
pressing, bending, and welding vari- 
ous shapes made from steel plates. 51 





Metal Castings. Meehanite Metal 
Corp., 4 pp, illus., No. 32. Physical, 
mechanical and thermal properties of 
general and heat resisting Meehanite 
metal castings. 52 
Impact Extrusions, Mueller Brass 
Co. Mechanical properties and dimen- 
sional tolerances of round, rectangu- 
lar and square impact extrusions. 53 


Metal Spinning. Phoenix Products 
Co., Inc., Metal Spinning Div., 4 pp, 
illus., No. F960. Advantages, charac- 
teristics, and typical uses of various 
metal spinnings. Includes information 
on sizes, tolerances, and alloys. 54 


Roll Formed Shapes. Roll Formed 
Products Co., 32 pp, illus., No. 760. 
Information on roll forming tech- 
niques, design, decorative finishes, 
precision, punching and notching, typ- 
ical applications and standard angles 
and channels. Includes sketches of 
profiles and sizes available. 55 
Centrifugal Castings. Sandusky 
Foundry & Machine Co., 16 pp, illus. 
Tells how centrifugal castings are 
made, and shows the use of these cast- 
ings in unfired pressure vessels and 
nuclear equipment. 56 


Viny!-Metal Laminates. Simoniz In- 
dustrial Prod. Div., Simoniz Co., 8 pp, 
illus. Gives physical, chemical and ther- 
mal properties, and abrasion resist- 
ance of vinyl-metal laminates. 57 


Guide to Ferrous Metallurgy. Tem- 
pil Corp., 8% 1l-in. chart, illus. 
Chart presents carbon-iron diagram 
and shows important working zones 
in black and in colors; also indicates 
black heat range and characteristic 
hot - body radiant hues. Changes in 
grain size with temperature are sche- 
matically illustrated at left and 24 
fundamental metallurgical terms are 
defined at right. 


Small Metal Parts. Torrington Co., 
Special Metal Parts Div., 24 pp, illus. 
Services and facilities of the company 
for producing small precision metal 
parts. Information also on contract 
swaging and swaging machines. 59 


Cold Formed Parts. Van Huffel Tube 
Corp., 48 pp, illus. Information on cold 
formed metal parts. 60 


Expanded Metals, Wheeling Corru- 
gating Co., 8 pp, illus., No. WC-227. 
Advantages, characteristics and avail- 
able types of regular and flattened ex- 
panded metals. 61 


Superalloy Forgings. Wyman- 
Gordon, 4 pp, illus. Composition, heat 
treatment, mechanical and physical 
properties, typical applications, mate- 
rials used, and other information on 
superalloy forgings. 62 


Low Alloy Steel Pipe. Youngstown 
Sheet & Tube Co., 4 pp, illus. Chem- 
ical composition, physical properties 
and sizes of welded pipe made of a 
low alloy steel consisting of iron, car- 
bon, manganese, nickel and copper. 63 


Nonferrous Metals 
© Parts ¢ Forms 


Zinc, Aluminum Die Castings. Ad- 
vance Tool & Die Casting Co., 6 pp, 


illus. Chemical composition and physi- 
cal properties of zinc and aluminum 
alloys used in the manufacture of die 
castings. 

Metal Powders. Metals Disintegrat- 
ing Co., Div. of American-Marietta 
Co., illus. Description, specifications, 
properties and uses for all types of 
metal powders. 65 


Copper-Base Alloys. Ampco Metal, 
Inc., 16 pp, illus., No. G-60. Chemical 
compositions, physical properties, and 
typical applications of a series of wear 
and corrosion resistant copper - base 
alloys. Includes a description of serv- 
ices and facilities available for the 
production of sand, centrifugal, and 
shell mold castings; extrusions; ma- 
chined parts; and fabrications and 
finished products. 6 


Aluminum, Ductile Iron Castings. 
Morris Bean & Co., 8 pp, illus. Facili- 
ties and services available for the pro- 
duction of aluminum and ductile iron 
castings. 67 


Beryllium Copper Strip. Beryllium 
Corp., 12 pp, illus., No. S-1100-A. Typ- 
ical applications, advantages, and fab- 
rication data for five beryllium copper 
alloys. Includes physical and rte 
ical properties before and after heat 
treatment, and information on how to 
select the right beryllium copper alloy 
to meet specific requirements. 68 


Nickel-Base Alloy, Cannon-Muske- 
gon Corp., 9 pp, illus., No. 86. Ther- 
mal conductivity, oxidation resistance, 
formability, and yield and tensile 
strength of a vacuum melted nickel- 
base alloy called René 41. 69 


Free-Cutting Rods. Cerro Corp., Ti- 
tan Metal Mfg. Co. Div., 20 pp, illus. 
Tolerances, weights, specifications, and 
complete size ranges for free-cutting 
brass and copper alloy rods and bars. 
Included is information on machin- 
ability, quality control, and sugges- 
tions for choosing the proper alloy or 
temper. 


Die Castings. Dollin Corp., 16 pp, 
illus. Facilities for die casting large 
and small parts of zinc and aluminum. 


71 


Thermocouple Alloys. Wilbur B. 
Driver Co., 4 pp., illus. Physical, elec- 
trical, and mechanical properties; ef- 
fect of temperature on properties; 
sizes and resistances; and standard 
E.M.F. tables for high temperature 
nickel - base thermocouple alloys and 
wire. 72 
Aluminum Castings. Exalco Mfg. 
Co., 4 pp, illus. Information on stand- 
ard and custom-made aluminum per- 
manent mold castings. 73 


Tungsten, Molybdenum. General 
Electric Co., Lamp Metals & Com- 
ponents Dept., 80 pp, illus. Properties, 
structure, finishes, uses, availability, 
and prices of tungsten and molyb- 
denum metal powders, rod, and wire. 


74 





To get suppliers’ free literature use 
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Nonferrous Metal Powders. Glidden 
Co., Chemical Divs., Metals Dept., 6 
pp. Information on lead and Resistox 
copper powders. 75 


Nickel Alloys, International Nickel 
Co., Inc., 37 pp, illus. Information on 
how to select nickel alloy steels and 
other alloys in the design of machin- 
ery for the construction industry. Cov- 
ered are properties of materials and 
recommended alloys for specific com- 
ponents and parts. 76 
Zirconium Metal. Zirconium Metals 
Corp. of America, Div. of National 
Lead Co., 5 pp. Composition, corrosion 
resistance, mechanical properties, ma- 
chinability and uses of reactor and 
commercial grades of zirconium. 77 


Zinc Die Castings. New Jersey Zinc 
Co., Market Development Div., 62 pp, 
illus. Discusses the use of zinc die 
castings in appliances, hardware, in- 
dustrial equipment, automobiles, toys 
and photographic equipment. 78 


Aluminum Rod. Olin Mathieson 
Chemical Corp., Metals Div., 8 Pp 
illus., No. 22. Information on cold 
processed aluminum rod and screw 
machine stock. Discusses advantages, 
characteristics, typical properties, and 
typical finishes. 79 
Deep Drawn Shapes. Pressed Steel 
Tank Co., 2 pp, illus, Information on 
cylindrical, spherical, conical and 
tapered deep drawn shapes and shells 
made of ferrous and nonferrous 
metals. 80 
Zinc Die Castings. St. Joseph Lead 
Co., 22 pp, illus. Discusses zine die 
casting aloes and commercial! finishes 
for zine die castings. 81 


Titanium Tubing. Superior Tube Co., 
3 pp, illus., No. 27. Chemical composi- 
tions, physical and mechanical prop- 
erties, and size limits for seamless 
titanium and titanium alloy tubing. 
Included is information on heat treat- 
ing and welding. 


Steel-Clad Copper Wire. Sylvania 
Electric Products, Inc., Parts Div., 4 
pp. Conductivity, composition, avail- 
bility, standard tolerances, uses and 


mechanical properties of a stainless 
steel-clad copper wire. 83 


Clad Metals. Texas Instruments Inc., 
Metals & Controls Div., 14 pp, illus., 
No. GP-1B. Information on character- 
istics, advantages, uses, and various 
configurations of solid and clad metals, 
precious metals, thermostat metals, 
electrical contacts, tubing, precision 
parts, and platinum group metals for 
industrial and electron tube applica- 
tions. 34 


Vanadium Catalysts. Vanadium 
Corp. of America, looseleaf. Bibliog- 
raphy of references to vanadium cat- 
alysts, for the years 1940 to 1954, 
covers reaction descriptions, catalyst 
employed in each case, and the names 
of the observer and source publica- 
tion. 8s 


Nickel Alloys. Wall Colmonoy Corp., 
Hard Facing Div., 1 p, No. T-1. Chart 
lists the corrosive media in which 
nickel alloys are generally resistant 
and discusses corrosion resistance in 
general terms. 

(continued next page) 
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Corrosion Resistant Castings. 
Waukesha Foundry Co., Castings Div., 
18 pp, illus. Information on the serv- 
and facilities available for the 
production of corrosion resistant cast- 
ngs. Includes data on compositions, 
mechanical properties, and corrosion 
resistance. Also covers specifications 
and properties of special casting al- 
ys 87 
Nylon Screws. Weckesser Co., 3 pp, 
lus. Installation data for black nylon 
cre and nuts 


1iCes 


Plast & Rubber 


e Parts ¢ Forms 


Polyester Resins. American Cyan 
mid Co., Plastics & Resins Div., 8 
p, Ja 61. Characteristics, advan 
tages, available types, uses, operating 
procedures, safety, coloring, and other 
nformation on polyester resins i01 


pray-up appilicatiol 89 


Corrosion Resistant Plastics. Ceil- 

ite Co., Inc., 4 pp, illus., No. 1-2. Ad 
vantages, characteristics, properties, 
chemical and uses of cor- 
rosion reinforced plastics 
floorings, process 
and ventilating 


resistance, 
resistant 
yatings, 

cements, 


nings, ¢ 
equipment, 
equipment 


Polyester Resins, Celanese Corp. of 
America, Celanese Polymer Co. Div., 
6 pp, illus., No. M2A. General informa 
tion and specific properties of a line of 
wolyester resins for automotive parts, 
trucks, hulls, architectural 
panels, furniture, refrigerator doors 
ind storage tanks 91 


Metallized Mylar. Coating Products, 
Inc., 6 pp. Series of tip-on samples 
illustrate the variety of colors, pat 
erns, and special effects available in 


metallized Myla 92 


Floating Structures. Dow Chemical 
Co., Plastics Sales Dept., 24 pp, illus., 
No. 32-B (NN). Advantages, limita- 
tions, sizes, properties, design infor- 
mation, and typical applications of 
floating structures made with poly- 
tyrene foams. 93 


tank boat 


Silicones in Aircraft. Dow Corning 
Corp., 8 pp, illus., No. 1-117. Proper- 
ties and typical uses of silicone fipids, 
rubber, potting materials, sealants, 
and protective coatings in aircraft and 
missiles. 94 


Nylon Tubing. E. I. du Pont de Ne- 
mours & Co., Inc., Polychemicals Dept., 
8 pp, illus., No. A-12841. Strength, 
chemical resistance, temperature re- 
sistance, compositions of various 
grades, design information, and typi- 
cal applications of nylon tubing for 
the automotive industry. 95 


High Temperature Insulation. Fi- 
berite Corp., 16 pp, illus. Characteris- 
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tics, properties, molding techniques 
and uses of a line of variously rein- 
forced plastic compounds for high 
temperature insulation. 96 


Dially! Phthalate Compounds. Food 
Machinery & Chemical Corp., Chemi- 
cals & Plastics Div., Dapon Dept., 26 
pp. Properties and uses of molding 
compounds based on dially] phthalate 
resins, including physical and electri- 
cal properties, chemical and fungus re- 
sistance, flame proofing, molds, mold- 
ing temperatures and pressures, curing 
time, tests for cure, and the effect of 
fillers on properties. 97 


Nylon Resins, Foster Grant Co., Inc., 
Plastics Div., 10 pp, No. N-58-2. Chem- 
ical resistance, physical properties and 
applications for a line of special nylon 
molding and extruding resins. 98 


New Polyurethane Elastomer. B. I. 
Goodrich Co., B. F. Goodrich Chemi 
al Co. Div., 16 pp, No. G-18. Physical 
yperties, chemical resistance, process 
ng information, advantages, charac 
teristics, and typical applications of a 
polyurethane elastomer. 


Vinyl! Resins. Goodyear Tire & Rub- 
b ( Chemical Div., 4 pp. Prop 
and uses for medium and low 
ty, general purpose vinyl! resins. 


100 
Substitute for O-Rings. Goshen 


Rubber Co., Inc., 12 pp, illus. 
tolerances, typical uses, and other i1 
formation on a line of seals designed 
as substitutes for O-rings. 101 


Silicone Rubber. Hadbar Inc., 12 pp. 
M litary, ASTM and AMS spec fica 
tions; typical properties; chemical 
characteristics; and other information 
on silicone rubber moldings. 102 


»1Zes 


Epoxies. Hauger-Beegle Associates, 
Inc., 4 pp, illus. Describes what epoxies 
are, how and where they are used, 
and what properties, characteristics, 
and advantages they offer. 103 


High Density Polyethylene. Her 
cules Powder Co., Inc., 40 pp, illus., No 
)00-273A. Information on structure; 
physical, thermal, electrical, and en 
vironmental properties; chemical re 
sistance; typical applications in the 
electrical, textile, housewares, and 
packaging industries; and information 
on injection and compression molding, 
extruding, vacuum forming, and other 
methods of fabrication. 104 


Elastomer Compounds. Minnesota 
Mining & Mfg. Co., Chemical Div., 2 
pp, illus. Properties, specifications and 
uses of a new elastomer compound de- 
signed for long time service at 400 F. 


105 


Rigid Polyethylene Plastics, Phil- 
lips Chemical Co., Plastics Sales Div., 
26 pp, illus. Properties, uses and fab- 
ricating data for rigid polyethylene 
resins. 106 
Phenolics. Plastics Engineering Co., 
16 pp, illus, General information on 
phenolic molding compounds, including 
available colors, range of properties 
and typical advantages and applica- 
tions. 107 
Molded, Laminated Plastics. Rich- 
ardson Co., 12 pp, illus. Information 
on the facilities and services available 
for the production of molded and lami- 
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nated plastics parts. Included are a 
series of typical applications. 


Acrylic Molding Compound. Rohm 
& Haas Co., 8 pp, illus., No. PL-363. 
Physical properties, chemical resist- 
ance and uses of a modified acrylic 
for injection molding and extrusion. 


109 


Plastics Laminates. St. Regis Paper 
Co., Panelyte Div., 18 pp, illus. Colors, 
finishes, sizes, thicknesses, strength 
properties, tolerances, electrical prop- 
erties, typical applications, and other 
data on a variety of industrial plastics 
laminates. 110 


Polystyrene. Shell Oil Co., Shell 
Chemical Co. Div., 2 pp, No. SC-60- 
100. Information on facilities and serv- 
ices available for the production of 
polystyrene compounds for molding, 
extruding, and vacuum forming. 111 


Fabricating Plastics Parts. Sinko 
Mfg. & Tool Co., 4 Ppp, illus. Facilities 
for injection molding, vacuum distilla- 

yn plating, hot stamping, painting 
and assembly of plastics parts. 112 


Plastics Laminates. Spaulding Fi- 
bre Co., Inc. General descriptions, char- 
acteristics, and specifications of 15 dif- 
ferent phenolic, epoxy, melamine, and 
polyester fire resistant industrial plas- 
tics laminates. Includes information on 
copper-clad materials. 

Plastisols, Organosols. Union Car- 
bide Corp., Union Carbide Plastics Co. 
Div., 24 pp, illus., No. J-2148. General 
nformation on vinyl dispersions, in- 
cluding formulation of plastisols and 
yrganosols; use of plasticizers, color- 
ng pigments, and fillers; storage and 
handling; flow properties; and typical 
uses for spread coating, foaming, dip 
coating, molding, and spray and ex- 
trusion coating. 114 


ABS Plastics. United States Rubber 
Co., Naugatuck Chemical Div., 28 pp, 
illus. Complete physical, electrical, and 
chemical properties; processing infor- 
mation; finishing operations; and a 
series of typical applications of ABS 
plasties. 115 


Other Nonmetallics 
e Parts ¢ Forms 


Felt Application Guide. American 
Felt Co., 8 pp, illus. Information on 
800 types of industrial and decorative 


felts, including 
for each type. 


Felt. Continental Felt Co. Information 
on wool, synthetic fiber and colored 


felts. 117 


Felt Design Book. Felters Co., 24 
pp. Information on design properties 
of felt, descriptions of special treat- 
ments, and data on how to select the 
proper shapes and dimensions for spe- 
cific applications. Also included are 
data on felt lubrication seals, gaskets, 
wicking and filters. 118 


Wood Products, Gamble Brothers, 
Inc., 28 pp, illus. Shows wood prod- 
ucts manufactured by the company, in- 
cluding industrial wood parts, chair 
parts and athletic apparatus. 119 


Graphite. Great Lakes Carbon Corp., 
Electrode Div., 8 pp, illus. Outstand- 


typical applications 
116 





ing characteristics, chemical composi- 
tion, properties, and typical applica- 
tions of graphite in atomic energy, 
metallurgy, metal fabricating, aircraft 
and missiles, chemical ene, 


Specialty Papers. Knowlton Bros., 
Inc., 12 pp, illus. Information on tech- 
nical and industrial specialty papers. 
Shows company research and manu- 
facturing facilities. 121 


Industrial Ceramics. McDanel Re- 
fractory Porcelain Co., 4 pp, illus. 
Briefly describes ceramic pump pis- 
tons, combustion tubes, heat reflectors, 
crucibles and liners. 122 


Carbon Graphite. Pure Carbon Co., 
Inc., 12 pp, illus., No. 55. Catalog on 
carbon graphite for mechanical appli- 
cations. 123 
Thermal Insulation. H. I. Thomp- 
son Fiber Glass Co., chart. Informa- 
tion on thermal insulations for tem- 
peratures from —300 F to 3000 F. 
124 


Synthetic Fiber Felts. Troy Mills, 
Inc., Industrial Div., 8 pp, illus. 
Strength, dimensional stability, wear, 
moisture and chemical resistance, and 
uses of a nonwoven synthetic fiber 
felt. 125 


Single Crystal Refractories. Union 
Carbide Corp., Linde Co. Div., 4 pp, 
illus., Nos. F-1397, 1398, 1400. Gen- 
eral descriptions, physical properties, 
sizes, and other information on single 
crystals, tungsten, molybdenum, vana- 
dium, columbium, and tantalum; and 
various titanium and molybdenum 


compounds, 126 


Sintered Metallic Oxides. U. S. 
Stoneware Co., Alite Div., 8 pp, illus., 
No. A-7R. Electrical characteristics, 
size limitations, dimensional toler- 
ances, chemical and heat resistance, 
and physical properties for a series of 
sintered metallic oxides called Alite. 

127 


Finishes ¢ 
Cleaning & Finishing 


Corrosion Inhibitor. Allied Chemi- 
cal Corp., Solvay Process Div., 17 pp, 
illus. Use of sodium nitrite in corro- 
sion prevention. i128 


Chromium Diffusion Coating. Al- 
loy Surfaces Co., 24 pp, illus., No. 
CW 6-60. Information on a new proc- 
ess for diffusin chromium into 
stainless steel. Includes a description 
of the process and equipment, and 
characteristics, properties, costs, and 
typical applications of coated = 


Diffusion Coating of Chromium. 
Chromalloy Corp., 1 p, No. 34. Test 
results obtained on molybdenum pro- 
tected with a chromium diffusion 
coating. 130 
Spray Painting. Conforming Matrix 
Corp., 2 pp, illus. Information on a 
paint spray machine and an auto- 
matic rotary wiping machine for use 
in spray mask decoration. 131 
Magnesium Finishing. Dow Chemi- 


cal Co., Dow Metal Products Co. Div., 
8 pp, illus., No. 143-267. Article dis- 


cusses principles of corrosion and 
how to protect magnesium and its 
alloys. 32 


Silver Plating Process. Engelhard 
Industries, Inc., American Platinum 
& Silver Div., 12 pp. Characteristics, 
advantages, operating conditions, 
deposition rates, and other informa- 
tion on a silver plating process. 133 


Metallized Ceramic Coating. 
Frenchtown Porcelain Co., 4 pp, illus. 
Data on Molcote, metal-to-ceramic 
coating, that may be hard soldered up 
to 2200 F. 134 


Multicolor Enamel. Maas & Wald- 
stein Co., 2 pp, No. 520. Data sheet 
for industrial multicolor enamels. 135 


Hard Surfacing Electrodes. Metal 
& Thermit Corp., Unichrome Finishes 
& Welding Prod. File cards give data 
on 88 types and sizes of hard surfac- 
ing electrodes and rods. 136 


Fusion Coatings. Michigan Chrome 
& Chemical Co., Chemical Div., 6 pp, 
illus. Information on small particle 
size plastics powders for use in flu- 
idized bed coatings. Information also 
on equipment for fluidized bed coat- 
ing. 137 


Silicone-Base Coatings. Midland 
Industrial Finishes Co., 4 pp, illus. 
Heat, chemical and corrosion resist- 
ance, application data and uses of 
silicone-base coatings. 138 


Metal Cleaners. Northwest Chemi- 
cal Co., 4 pp. Information on immer- 
sion, electrolytic and spray cleaners 
for die castings, steel, copper and 
aluminum, 139 


Ceramic Spray Coatings. 
Co., Refractories Div., 8 pp, illus., 
No. H-3-1. Describes methods of 
mounting temperature and _ strain 
measuring elements by means of 
ceramic spray coatings. 140 


Metal Cleaner. Oakite Products, 
Inc., 2 pp, illus., No. 17B. Advan- 
tages, characteristics, and other in- 
formation on a_ strongly alkaline 
cleaner designed to handle steel, iron, 
brass, magnesium, and other metals. 

14 


Norton 


Conversion Coatings. Parker Rust 
Proof Co., 4 pp, illus., Jan-Feb ’61. 
Series of typical applications indicate 
advantages and characteristics of con- 
version coatings for steel and alumi- 


num. 142 


Joining & Fastening 


Silver Brazing Alloys. Air Reduc- 
tion Sales Co., Div. of Air Reduction 
Co., Inc., 24 pp, illus. No. ADC- 
847C. General description of brazing 
process, advantages of silver alloys, 
procedures, selection of base and fil- 
ler metals, design of brazed joints, 
specifications, available alloys, and 
other information on silver wane 


Adhesives for Mylar. E. I. du Pont 
de Nemours & Co., Inc., Industrial 
Finishes Div., Fabrics & Finishes 
Dept., 8 pp, illus., No. 17. Classes of 
adhesives, characteristics, advantages, 
properties, methods of application, 


and typical uses of adhesives 
Mylar polyester film. 


Lock Washer Selection, Shake- 
proof Div., Illinois Tool Works, 12 
pp, illus., No. AS-105. Information on 
how to select the right lock washer 
to meet specific requirements. In- 
cludes advantages of each type of 
standard lock washer and a list of 
applications for which each is best 
suited. 145 


Bolts, Forgings. Rhode Island Too! 
Co., 26 pp, illus., No. 75. Dimensions, 
properties, prices and uses for drop 
and upset forgings, eye and special 
bolts, studs, cap screws, and nuts. 146 


Screws. Russell, Burdsall & Ward 
Bolt & Nut Co., 8 pp, illus. Advan- 
tages and specifications of Spin-Lock 
screws available in hex, pan, truss or 
flat heads. 147 


Silicon Nitride. Union Carbide 

Corp., Haynes Stellite Co., Div., 8 pp, 

illus., No. F-30114A,. Properties, char- 

acteristics, design considerations, and 

typical applications of temperature 

and corrosion resistant silicon yo 
1 


for 
44 


Methods & Equipment 
e Testing 


Hardness Tester. Wilson Mechani- 
cal Instrument Div., American Chain 
& Cable Co., Inc., 2 pp, illus., No. 
TT-58. Dimensions, features, opera- 
tional data and prices of a Rockwell 
hardness tester. 149 


Fatigue Testing Machine. Ameri- 
can Machine & Metals, Inc., Riehle 
Testing Machines Div., 12 pp, illus., 
No. RF-2-61. Advantages, character- 
istics, specifications, procedures, uses, 
and other information on a fatigue 
testing machine. 1s0 


Processing X-Ray Films. Eastman 
Kodak Co., X-Ray Sales Div., 6 pp, 
illus. Describes an entirely new sys 
tem of faster, better processing for 
industrial x-ray film. 1S1 


Vibration Dampeners, Firestone In- 
dustrial Products Co., Div. of Fire- 
stone Tire & Rubber Co., 32 pp, illus. 
Design data and technical informa- 
tion on vibration dampeners. 160 


Vibratory Machines. King Seeley 
Thermos Co., Queen Products Div., 
illus. Information on seven vibratory 
machines used for high-speed finishing 
of stampings, castings, forgings and 
machine parts. 161 


Cold Cabinet. Revco Inc., Industrial 
Products Div., 2 pp. Low temperature 
cabinet for industrial processes and 
research. 152 


Tensile Elongation Tester, Scott 
Testers, Inc., 5 pp, illus., No. HCG- 
1276. Characteristics, advantages, 
specifications, uses, and other infor- 
mation on a constant rate of exten- 
sion tensile elongation tester. 153 


Testing Services. Foster D. Snell, 
Inc., 16 pp. Information on services 
and facilities available for product 
research and development, product 
improvement, product application, 
comparative testing, market research, 
suednet and process control, etc. 154 


Turn to page 53 for current books and reportse—> 
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NOW! BETTER THAN EVER 


There’s a new look about Wheeling’s Flattened weight without sacrificing product strength. And 
Expanded Metal these days. It’s smoother, more uni expanded metal permits free passage of light, heat and 
form than ever. So it has great, new appeal to designers sound, so you can use it where you can’t use other metals. 
and manufacturers alike! Get the complete story on versatile, 

Wheeling Expanded Metal, in both flattened and con new Wheeling Expanded Metal from 
ventional styles, offers you many other advantages, too your Wheeling man. Or write directly 
For example, expanded metal is actually stronger than to the Wheeling Corrugating Company, 
the metal from which it’s made, so you can cut product Wheeling, West Virginia 


’ 


WHEELING CORRUGATING COMPANY - IT’S WHEELING STEEL! 
Warehouses: Boston, Buffalo, Chicago, Columbus, Detroit, Kansas City, Louisville, Martins Ferry, 
Minneapolis, New York, Philadelphia, Richmond, St. Louis. Sales Offices: Atlanta, Houston, New Orleans. 


For more information, turn to Reader Service card, circle No. 451 
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Wheeling SofTite® Cop-R-Loy® Gal- 
vanized Sheets can withstand severe 
fabricating operations without flaking 
or peeling 


Wheeling Hot and Cold Rolled Sheets 
are widely known for their smooth, 
uniform finish. Hot and Cold Rolled 
Strip also available 


Wheeling Long Terne is available in 
widths to 48”. It is normally supplied 
with either commercial or special terne 
coatings. 











(cont'd from p 51) 


Books 


The Physical Examination of Metals, 2nd Ed. Edited by B. Chalmers and 
A. G. Quarrell. St. Martin’s Press, Inc., New York. 1961. Cloth, 6 by 9 in. 


Price $30 


Reviewed by George L. Kehi* 


The first edition of this authorita- 
tive book, which consisted of two 
volumes (published in 1939 and 1941, 
respectively), has now been com- 
pletely revised, expanded and com- 
bined into a new single volume. 


Ten new chapters 


To make this second edition more 
comprehensive and complete, ten new 
chapters have been added on the fol- 
lowing subjects: thermal methods, 
magnetic analysis, neutron diffrac- 
tion, radiation methods, damping 
capacity of metals, measurements of 
elasticity using mechanical waves, 
ultrasonic flaw detection, ferro- 
graphic method of flaw detection, 
radioactive isotopes and their appli- 
cation in metallurgy, microradiogra- 
phy and autoradiography, and, a 
most welcome but too brief discus- 
sion of modern vacuum techniques. 
The chapter on radiography has been 
dropped, 

Unlike the first edition, the new 
single volume has been compiled from 
contributions by 18 scientific special- 
ists, of which 16 are from within the 
British Commonwealth. It is there- 
fore not surprising to find that (for 
the most part) the text material is 
presented clearly and comprehen- 
sively—as is so typical of British 
scientific writing. 


Pure science discipline 


The concept of the second edition, 
as proposed by the editors, follows 
the principle that today’s scientifi- 
cally trained metallurgist is more 
acutely aware of, and in many cases 
more familiar with, the pure science 
discipline than was his predecessor. 
He therefore possesses a greater 
appreciation of physical principles 
and modern techniques, and believes 
that any technique that can contrib- 
ute to a better understanding of 
metals is potentially a metallurgical 
technique. 

The subject matter of each chap- 
ter is presented in logical sequence: 
there is first a general discussion of 
the scientific principles involved (in 
some chapters unnecessarily lengthy) ; 
following this are applications of the 
principles to metallurgical measure- 


* Professor of Metallurgy, School of Mines, 
Columbia University 


ments for which they are best 
adapted; and finally, the text cites 
specific examples of the applied tech- 
nique. Each chapter concludes with 
a useful reference list; some of these 
are rather extensive. 


Basic study of principles 


This book is not intended for use 
as a teaching textbook or handbook. 
It is intended primarily for those 
whose interests lie in the basic study 
of metals and who, therefore, must 
understand the principles involved 
in the various techniques of the 
physical examination of metals. 


Electronic Packaging with Res- 
ins. Charles Harper. McGraw-Hill 
Book Co., New York. 1961. Cloth, 
6 by 9% in,, 339 pp. Price $11 
Subtitled “A Practical Guide for 
Materials and Manufacturing Tech- 
niques,” this book presents an intro- 
duction to the materials, methods 
and techniques employed in electronic 
packaging. Among the materials 
covered are polyesters, silicones, 
epoxies, urethanes, and polysulfides; 
among the techniques covered are 
casting, potting, impregnating, and 
encapsulating of electrical and elec- 
tronic components and systems. 
Other subjects covered include 
fillers, colorants and modifiers; 
foams and low-density compounds; 
thermally and electrically conductive 
compounds; effects of extreme en- 
vironments; tools, fixtures and finish- 
ing operations; processing equip- 
ment; and manufacturing controls. 


Advances in Cryogenic Engineer- 
ing, Volume 6. Edited by K. D. 
Timmerhaus. Plenum Press, Ine., 
New York. 1961. Cloth, 64% by 10% 
in., 662 pp. Price $15 

Consisting of the Proceedings of 
the 1960 Cryogenic Engineering Con- 
ference, this book presents a sum- 
mary of the year’s most significant 
developments in the field of cryogen- 
ics. The papers discuss such things 
as the progress made in space tech- 
nology, superconductivity, transfer 
phenomena, physical equilibria, ery- 
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MULTi, aver Clad Metals Combine The Exact Operating 
Properties | Must Have. 


This design engineer has just realized a fact we wish more _ single material can satisfy all these requirements. MULt- 


people would discover. MULtiLAYER CLAD METALS _ LAYER clad tubing can! 
PROVIDE MORE COMBINATIONS OF OPERATING Therefore, why compromise? Why be limited to only partial 
CHARACTERISTICS THAN ANY SINGLE MATERIAI reliability in your components when, with MULtiLAYER clad 
OR ALLOY metals, you can get maximum satisfaction? 

If you need a spring with high conductivity, superior elastic You specify the engineering properties 
properties we'll put the metals together 
no single spring alloy can satisfy all the requirements for you and even make the components 
MULtiLAYER clad spring metals can! in many cases. Find out about this modern 

If a tube for chemical processing must have a clean, cor- design material. Call us or write for our 

illustrated brochure GP-1. 
and components come to Metals & Controls 


high temperature strength and easy weldability, you need 


rosion resistant, stainless steel surface, high thermo conduc- 
tivity, plus high forming ductility for flaring and bending; no For materials 


*Trademark of Metals & Controls Inc 
a METALS & CONTROLS INC. 


108 FOREST ST. - ATTLEBORO, MASS 
RPORATE DIVISION OF 


\ oo a y co 
Y Cc J g BALL WELDED LY. oa <a TEXAS INSTRUM ENTS 


TUBING STAMPINGS ASSEMBLIES CONTACTS METALS i! ; INCORPORATED 
For more information, turn to Reader Service card, circle No. 453 
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clad metals combine all 4 


ri + 


n 0 Nz strip 


7 , 


MULItiLAYER provided all these 
metal qualities for heat exchanger fins 
used in supersonic aircraft and missiles. 
Designed with a copper core for greater 
thermal conductivity, the fins thus in- 
creased the efficiency of the exchanger. 
Soft tempered stainless steel cladding 
was selected for its anti-corrosion prop- 
erties, and for its conformability when 
wound around the exchanger in a 
spiral. It was also wetable by Coast 
Metal #53 brazing alloy to insure a 
continuous, high-strength connection. 
If the metal qualities required of your 
product are equally or more diverse, 
MULtiLAYER can solve your prob- 
lem as well. Write for FREE 
LITERATURE describing physical 
and mechanical characteristics of this 
strip, and other specifications such as 
coefficients of expansion, forms and 
sizes, and weights. 


METALS & CONTROLS INC., 
1609 Forest Street, Attleboro, Mass. 


A CORPORATE DIVISION OF 


INCORPORATED 


TEXAS LO INSTRUMENTS 








ogenic equipment, mechanical prop- 
erties, and heat transfer and ther- 
mometry. 


Progress in Very High Pressure 
Research. Edited by F. P. Bundy, 
W. R. Hibbard, Jr., and H. M. 
Strong. John Wiley & Sons, Inc., 
New York. 1961. Cloth, 8% by 11% 
in., 314 pp. Price $12 

This book consists of papers and 
discussions presented at a recent in- 
ternational conference jointly spon- 
sored by Materials Central, Wright 
Air Development Div., U. S. Air 
Force, and General Electric Co. 
Major emphasis is on equipment 
and techniques, structures of mate- 
rials formed under high pressure, 
and behavior of matter under high 
pressure. Of special interest is a 
review of high pressure work in the 
USSR, presented by a noted Soviet 
scientist, Other papers cover such 
subjects as the problem of absolute 
pressure calibration, and the optical, 
electrical, and magnetic changes in 
materials resulting from the de- 
crease of interatomic or intermolec- 
ular distances. 


Reports 


Explosive forming EXPLOSIVE 
METALWORKING. Defense Metals In- 
formation Center, Battelle Memorial 
Institute. Nov ’60. 30 pp. Available 
from Office of Technical Services, 
Dept. of Commerce, Washington 25, 
D. C. Price 50¢ (PB 161 221) 

Discusses principles of explosive 
forming, its effect on material prop- 
erties, possible applications, and 
advantages. 


Platinum metals High TEMPERA- 
TURE PROPERTIES AND ALLOYING BE- 
HAVIOR OF THE REFRACTORY PLATI- 
NUM-GRouP MetaLs. R. W. Doug- 
lass, F. C. Holden, and R. I. Jaffee. 
Battelle Memorial Institute. Aug. 
"59. 118 pp. Available from Office of 
Technical Services, Dept. of Com- 
merce, Washington 25, D. C. Price 
$2.75 (PB 161 823) 

Results of a literature survey of 
the platinum-group metals. Major 
emphasis is on rhodium, iridium, 
osmium, and ruthenium; however, 
platinum and palladium are included. 
Discusses process metallurgy, and 
physical, chemical and metallurgical 
properties. A bibliography and list 
of references is included. 


Ceramic coatings Heat Fvusep 
CERAMIC COATINGS FOR ALUMINUM 


COMPONENTS OF ROCKET LAUNCHERS. 
T. Rice and T. Turner. Rock Island 
Arsenal Laboratory, Ordnance Corp. 
Oct ’60. 15 pp. Available from Office 
of Technical Services, Dept. of Com- 
merce, Washington 25, D.C. Price 5v¢ 
(PB 171 074) 

Ceramics coatings containing lead- 
bearing and lead-free frits were 
prepared from commercially avail- 
able materials and applied to alumi- 
num test panels. The coatings pro- 
vided excellent heat resistance, but 
were deficient in abrasion resistance. 


Welding columbium WELDING OF 
COLUMBIUM AND COLUMBIUM ALLOYS. 
Defense Metals Information Center, 
Battelle Memorial Institute. Oct ’60. 
28 pp. Available from Office of Tech- 
nical Services, Dept. of Commerce, 
Washington 25, D. C. Price 50¢ 
(PB 161 219) 

Although welding information on 
columbium and its alloys is limited, 
this report attempts to summarize 
what information is available. The 
approach is to evaluate known metal- 
lurgical characteristics and to then 
use this data to anticipate specific 
problems that may be involved in 
welding. 


Steel extrusions AVAILABILITY AND 
MECHANICAL PROPERTIES OF HIGH 
STRENGTH STEEL EXTRUSIONS. De- 
fense Metals Information Center, 
Battelle Memorial Institute. Oct ’60. 
60 pp. Available from Office of Tech- 
nical Services, Dept. of Commerce, 
Washington 25, D. C. Price $1.75 
(PB 151 097) 

Six types of steels are considered. 
Includes current specifications, typ- 
ical mechanical properties, and an- 
ticipated requirements. 


Radiation effects RapDIATION EF- 
FECTS UPON AND THE RECOVERY OF 
THE MECHANICAL PROPERTIES OF 
MetALs. E. N. Aqua and R, J. Allio, 
Atomic Energy Commission, Oct ’60. 
83 pp. Available from Office of Tech- 
nical Services, Dept. of Commerce, 
Washington 25, D. C. Price $1 
(KAPL-2103) 

Molybdenum, steel, nickel and tita- 
nium were subjected to various doses 
of irradiation and tested for mechan- 
ical property change and recovery. 
Results of tests included the discov- 
ery that irradiation damage rate is 
a function of the type of radiation, 
flux, total dose, and exposure to 
temperature, and is dependent on the 
prior history and composition of the 
specimen. Mechanical property dam- 
age is a two-stage process compris- 
ing dislocation source hardening and 
lattice hardening. The mechanism of 
recovery consists of the migration 
of polyvacancies to clustered inter- 
stitials, or the dissipation of vacancy 
clutters. 
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CASE HISTORIES FROM 
MT. VERNON FILES 





a 


For their newest 
—=: REEL of CHAMPIONS 


Like other Penn “Reels of Champions,” 

this new Penn Saltwater Spinfisher 700 

will enjoy ready acceptance among both 

dealers and fishermen. It has 

18 features—some exclusively 

Penn—which make it durable, corro- 
sion resistant and simple to service. 

3:8 to | gear ratio for fast retrieve— 
Stainless stec! gears and ball bearings — 
high-nickel stainless steel parts—automatic 
bail lock——-250 yd. capacity spools—epoxy 
finished aluminum housings for strength— 
weight only 20'/2 ozs.—are some of its out- 
standing features. 

Seven lightweight, aluminum castings 
{you get 2 one-piece spools complete with 
drag disk assembly) go into its construc- 
tion. Quite a few castings—all precision, 
and several complex at that. 

Aluminum die casting was the only feas- 
ible method for manufacturing such a 
champion—to hold down weight and cost 
and yet satisfy Penn’s traditionally high 
standards of craftsmanship. 

To Mt. Vernon went the honor of mak- 
ing the castings, because Mt. Vernon-—like 
Penn——also enjoys a reputation for high 
standards of workmanship. At Mt. Vernon 
you gain through a fourfold service em- 
bracing: Designing + Die Making + Casting 
* Machining—all under one roof in 200,- 
000 sq. ft. of space. 

You, too, can set your standards as high 
as you wish—then confidently give your 
specifications to Mt. Vernon and relax. 
You'll get champion castings. A call to 
your nearest Mt. Vernon field salesman or 
our home office will get you prompt action. 


| 


MT. VERNON DIE CASTING CORPORATION <> © 


Stamford, Connecticut , 
FIELD SALESMEN—BALTIMORE, MD.: Mr. C. M. Gordan, 919 St. Pau! St. © BROOKLYN, N. Y.: Mr. Robert V. Moore, ii) TT : 
2317 Plumb 2nd St. e MARIETTA, N. Y.: Mr. Burt J. Meldrum, Olanco Road « PITTSBURGH, PA.: Mr. Andrew W / er) te 
Anderson, 300 Pasadena Drive So. ® STAMFORD, CONN.: Mr. Anker Anderson, Cascade Road ua — OT it 
* VALLEY FORGE, PA.: Mr. GT. McMaster, P. O. Box 115 pit (Ht 04 Sa , UAL a a8 + eri 


For more information, turn to Reader Service card, circle No. 412 
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VN [=ic-molol[aremroniat= 
NATIONAL METAL SHOW 


OCTOBER 23-27 


because 


we'll get ideas by 
dozens. We'll get informa 
tion on how to improve 
production it costs 

stay ahead of competition 


the 


| want to study the 

new advancements in pro 

cessing, inspection and 

control equipment. All 5 Dh A 

under one roof at fabulous , meal : the spectacular Ma 

Cobo Hall R . terials Applicatidns Cen 

‘ - ter will be one of the 
great ‘‘eye-popping 
thought-stimulating ex 
hibits of the year 


it's a real chance to 
exchange views with lead 
ers in the industry. For 
five days Detroit will -be 
the Engineering Capital 
of the world 
everyone will broaden and 
their knowledge of the 
industry more than 3 
exhibits and more than 
papers to SEE and HEAR. 


Ml 


Don't ‘‘miss the boat’’. Make your reg 
istration today Organiz a company 
group. For further information contact 
the ADVANCE REGIS TRAT ION MA NAGER 
ASM Headquarters, Metals Park, Oh 


SON ASOUL 
YOU? e) 


AS 


NATIONAL METAL SHOW - DETROIT - COBO HALL - OCT. 23-27 


SPONSORED BY AMERICAN SOCIETY FOR METALS * METALS PARK, O. 


10450-ASM 


For mare information, turn to Reader Service card, circle No. 480 
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NEW SIZE RANGE SURPRISE! 


HERE'S A NEW PROCESS in centrifugally spun tub- 
ing that offers you greater freedom in design. It’s 
ACIPCO CERAM-SPUN®...the new ceramic mold 
process* that is not limited by equipment sizes! 


NOW, YOU CAN ORDER almost any combination of 
sizes you require. ACIPCO CERAM-SPUN® tubes of- 
fer O.D.'s from 2.25” to 50”; and ‘wall thicknesses 
from .25” to 8”. As-cast lengths are furnished from 
4 feet to 20 feet, longer lengths are made by welding. 


THINK OF HOW MUCH this process can save you! 
You'll avoid the cost of unnecessary metal waste, and 


ACIPCO CERAM-SPUN 


STEEL TUBING 


excessive machining charges. And ACIPCO’s com- 
plete “under one roof” operations — including heat 
treating, machining and welding — offer many addi- 
tional economies. No need for the delays and ex- 
cessive costs that often result in buying from mul- 
tiple sources. 


If you design, manufacture or use tubular component 
parts, it will certainly pay you to investigate the 
versatility of ACIPCO CERAM-SPUN® tubing and the 
flexibility of ACIPCO’s integrated facilities. Contact 
ACIPCO STEEL PRODUCTS, Division of American 
Cast Iron Pipe Company, Birmingham 2, Alabama. 


*Patent applied for 


For more information, circle No. 392 








COMPANY 


One seal of 


THE RAW MATERIALS OF PROGRESS 


FLUOREL 


BRAND ELASTOMER 


does work of three! 


High-heat capacity, chemical 
inertness help cylinder-maker 
eliminate special seals! 


“Now seals of Fluorel Brand 
Elastomer handle all three re- 
quirements better!’’ reports 
Hydro-Line Manufacturing 
Company, a Rockford, IIl., 
maker of hydraulic cylinders 
for high-speed assembly ma- 
chines. Formerly, three types 
of seals had to be stocked .. . 
one for high-temperature min- 
eral oils, another for water and 
mineral oils at normal tempera- 
tures, still another for phosphate 
ester fluids. Hydro-Line stand- 
ardized on Fluorel Brand Elas- 
tomer 2141 for critical cylinder 
seals (see arrows above) for 
two reasons: 1) wide operating 
range, 0 to 400° F. for contin- 


Chemical Division, Dept. KAR-91 
3M Company, St. Paul 6, Minn. 
Name 

Company 

Address 

City & State 


uous service, to over 600° F. 
for short-period peaks: 2) com- 
patibility with the various 
fluids used. 

Compared with competitive 
elastomers and plastics, Hydro- 
Line found, Fluorel Elastomer 
affords greater dimensional sta- 
bility as temperatures change, 
resists abrasion better, is less 
subject to radiation damage. 
And seals of Fluorel Elastomer 
do not require mechanical pres- 
sure to hold them against seal- 
ing surfaces. The block vee 
seals of Fluorel Elastomer, made 
by Chicago Rawhide, are lathe- 
trimmed to remove flash from 
edges, to permit close control 
and assure tight fits. For more 
data on Fluorel Elastomer, read 
‘Profile’ at right, then return 
coupon below. 


TELL ME MORE... 
about FLUOREL Elastomer 


Title 


ee ee ee ee eee ee 


PROPERTIES PROFILE 


on FLUOREL* 2141 


BRAND ELASTOMER 


Fluorel Brand Elastomer 2141 is a highly fluor- 
inated, non-flammable synthetic rubber with 
outstanding stability in the presence of great 
heat, chemicals, oils and fuels. its exceptional 
Mooney Scorch Rating and safe repeat processing 
simplify meeting tough military specifications, 
other critical requirements. 


RESISTS CHEMICAL ATTACK! Corrosion re- 
sistance of Fluorel Elastomer 2141 is excellent 
withstands corrosive chemicals, fuels, solvents, 
ozone. 


WITHSTANDS HEAT, COLD! Continuous serv- 
ice may be at temperatures up to 400°F., short- 
term peaks may exceed 600°F. Gehman stiffness 
Tio is 3°F. Thin sections may be bent without 
cracking at temperatures as low as -50°F. 


LOW COMPRESSION SET! This property of 
Fluorel Elastomer ranges from 10% after 70 hours 
at 250° F. to 47% after 70 hours at 400° F 


PHYSICAL PROPERTIES. Fluorel Elastomer 
can be compounded to provide a wide range of 
desirable physical characteristics. Properties 
based on Chicago Rawhide’s Compound No. 
Sirvene 429133 


Specific gravity 
Tear strength 
Tensile strength 
Elongation. .. 
Hardness (Shore A) 
Fluorine by weight 


ELECTRICAL PROPERTIES. Typical stock pro- 
vides dielectric strength (short time) of 630 volts 
per mil, a dielectric constant of 11.4, D.C. re- 
sistivity of 2 x 10° ohms cm. at 50% relative 
humidity, and a dissipation factor of .0125. 


APPLICATIONS. Fluorel Elastomer is recom- 
mended for seals and O-rings, diaphragms, fuel 
and hydraulic hose, brake cups, fuel cells, fire 
walls, pump and tank liners, air ducts, wire in- 
sulation, many other uses. 


For full information on Fluorel Elastomer, re- 
turn coupon, or write describing your area of 


interest. 
‘FLUOREL” is a reg. TM of 3M Co, 


CHEMICAL DIVISION 


TMiienesora [fining ano ]YfanuracturinG COMPANY 
ERE RESEARCH IS THE KEY TO TOMORROW 


-..WH 


For more information, turn to Reader Service card, circle No. 470 
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Report from Carborundum: 





6 ways to 


do jobs better 
with refractory 


materials 


SKID RAILS IN REHEAT FURNACE: 


SILICON CARBIDE RAILS LAST 30 TIMES AS 
LONG AS STEEL IN HIGH TEMPERATURE, 
ABRASIVE SERVICE. The 6%" x 8” brass billets seen 
in the picture are pushed through a 38-foot long gas- 
fired extrusion mill furnace. Steel skid rails required 
replacement every five weeks. When CARBOFRAX 
silicon carbide rails were installed, 156 weeks of 
service were obtained. Reduction in downtime re- 
sulted in lower c,erating costs and higher production 
rates. Superior wear resistance and ability to with- 
stand high temperatures make silicon carbide a profit- 
able choice for applications like this. 


HANDLING MATERIALS IN ACID SOLUTIONS: 


SILICON CARBIDE WEAR BLOCKS RESIST COR- 
ROSION AND ABRASION. Steel wire moving at 100 
ft/min passes over CARBOFRAX® silicon carbide 
wear blocks to a pickling tank in the photo above. A 
15°/o solution of sulfuric acid at 400 F is used. Sinker 
blocks are also of CARBOFRAX silicon carbide. De- 
spite the action of the acid and the abrasion of the 
wire, the silicon carbide shows no wear after months 
of service. Similar applications involving Carborun- 
dum refractories are found in aluminizing and other 
wire coating baths. 


LONGER LIFE FOR BURNER RINGS: 


SILICON CARBIDE CONSTRUCTION WITH- 
STANDS FLAME EROSION AND HIGH TEMPERA- 
TURES. Refractory burner rings in pulverized coal- 
fired boiler frequently fail fast because of the 
abrasive action of the fuel particles and thermal 
shock due to intermittent operation. Many users have 
found an answer to the problem in CARBOFRAX 
silicon carbide rings. Silicon carbide is not only 
superhard, but also stays hard at high temperatures. 
High thermal conductivity and resistance to thermal 
shock minimizes cracking and spalling. Flame pat- 
terns are maintained. 
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DIRT-FREE OPEN FIRING WITH MOVABLE KILN: 


FIBERFRAX® CERAMIC FIBER LINING REPLACES 
BRICK: MAKES POSSIBLE TEMPERATURES UP 
TO 2200 F. The interesting movable kiln illustrated is 
made by Unique Kiln Co., Hillsdale, N. J. It moves on 
rails to enclose a stationary loading bed. Two beds 
can be serviced alternately. Door and hood linings of 
Carborundum’s light-weight FIBERFRAX ceramic 
fiber, in block form, eliminate the problem of dis- 
lodged dirt and dust encountered with fireclay type 
refractories, which often damage ware being fired. 
High heat resistance and insulating properties of 
FIBERFRAX fiber make possible firing up to 2200 F. 


ELIMINATING CRACKING IN KILN CAR TOPS: 


COMBINATION OF REFRACTORIES SOLVES 
PROBLEM IN CERAMIC INDUSTRY. Used in a gas- 
fired electrical porcelain kiln, the cars illustrated have 
been in service for more than two years at cycles of 
14 to 15 hours, operating from cold to 2290 F to cold. 
Car top cracking due to heat shock has been elimi- 
nated by use of three different Carborundum refrac- 
tories—a bottom layer of MULLFRAX® electric furnace 
mullite for high load carrying capacity, a middle 
course of ALFRAX® alumina “bubble” brick for in- 
sulation and an upper course of CARBOFRAX silicon 
carbide tile for resistance to thermal shock. 








SHAPES AND JIGS MACHINED FROM CERAMIC: 


BORON NITRIDE IS EASILY MACHINED; RESISTS 
HIGH TEMPERATURES AND CORROSION. The 
photo shows the machining of a semi-conductor jig 
from Boron Nitride, a self-bonded material made by 
Carborundum. Close tolerances, high surface finish 
and intricate detail are possible. Boron Nitride offers 
advantages in semi-conductor production compared 
with graphite jigs, yields from which often drop 40°/o 
after only 50 cycles. The material also offers possi- 
bilities for insulating tubes and shapes; chemical 
equipment parts, crucibles, brazing fixtures, gaskets 
and seals. Shapes withstand furnace temperature of 
3000 F; powder as high as 5400 F. 


Want help on your problems? 


Carborundum engineers will be glad to recom- 


mend refractories to answer your specific needs. 


For information, contact Dept. MD-91, Refrac- 
tories Division, Carborundum Co., Perth Amboy, 
N. J. Descriptive brochures available on request. 
Please specify the area or areas of particular in- 
terest to you. 


for engineered refractories...count on 


CARBORUNDUM 


For more information, circle No. 372 





BOND FAILURES CAN BE PREVENTED! 


Here’s how fo stop 13 of them... 





Type of Failure 


Solution 





THERMOSETTING ADHESIVES 


@Cohesive failure 


@ Adhesive failure from 
metal 


@ Adhesive failure from 
substrate other than 
metal 


@ Cellular areas in 
adhesive line 


CONTACT ADHESIVES— 
room temperature setting 
@ Tacky film 


e@ Shiny areas 
@ No bond 


e@ Failure in adhesive 
from metal 


e@ Failure from substrate 
other than metal 


HOT MELT 


@ No bond 





Check film with solvent used in adhesive. If solvent softens the adhesive film or 
becomes tacky, this indicates insufficient cure. Make sure bond line time and 
temperature is used 


If metal surface has a white, clean appearance, check cleaning technique. 


Try prime coat of diluted adhesive, also check compatibility. 


Increase pressure and/or adhesive 





if film should dry hard but remains tacky, the cause may be entrapped solvent or 
migration of plasticizer from one substrate 


Poor contact, insufficient pressure or insufficient amount of cement. 


lf heat reactivated type, adhesive was too cool at time of assembly or 
poor compatibility. 


Improper cleaning. 


incompatible or unclean surfaces. 








EPOXY BASE ADHESIVES 
AND 
CASTING COMPOUNDS 


@ High exotherm 
@ Tacky film or casting 


@ Flexible casting or film 
of rigid adhesive or 
casting compound 





incompatibility, adhesive too cool at time of assembly. Parts too cool at time of 
application of adhesive 








Mix lower volume and pour mixed material into shallow tray. Cool base and acti- 
vator before mixing or use Metermixing equipment. 


Improper base activator ratio, irnproper mixing of base and activator, improper 
cure. Check bond line temperature 


Improper mixing of base and activator, improper base and activator, improper 
cure. Check bond line temperature 











Bond failures can be prevented! Raybestos-Manhattan’s 
adhesive experts also have solutions to less common causes 
of bond failures . . . based on more than 20 years’ expe- 
rience in the production of bonded assemblies and the 
manufacture of adhesives, coatings and sealers. Why not 
call on them today for the answers to your adhesive 
problems—no cost or obligation, naturally. 


R/M Bulletin No. 700 
is packed with helpful 
technical information 
on Ray-BOND adhe- 
sives. Write for your 
free copy now. 





RAYBESTOS-MANHATTAN, INC. 


ADHESIVES DEPARTMENT, Bridgeport, Conn. « Chicago 31 + Detroit 2 + Cleveland 16 + Los Angeles 58 


A For more information, turn to Reader Service card, circle No. 425 For more information, circle No. 459 > 
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PLASKON ALKYD AND ALKYD 
Putty 


Granular Type 


MOLDING comPounns 
impact 


Types 





Granular materials are designed 
for high-speed, fully automatic 
or semi-automatic molding 
operations. They include glass 
and mineral-filled grades. Con- 
tacts may be molded in or in- 
sarted in a separate procedure 


PROPERTIES 

Provide high arc and insulation 
resistance and dielectric values 
which are maintained at ele- 
vated temperatures and after 
exposure to heat and humidity. 
Molded parts have unusually 
high dimensional stability (min- 
imum after-shrinkage). This, 
plus the fact they are generally 
adaptable to rapid production 
cycles, permits endless repro- 
duction of precision parts. 


There are PLASKON Alkyd gran- 
ular types that conform to the 
MIi-M-14F specification, Type 
MAG and, the poly dially! 
phthalate type, MDG. 


APPLICATIONS 

Tube bases and sockets, con- 
nectors, tuning devices, trans- 
former parts, potentiometer 
parts, motor controller parts, 
auto ignition parts, switch and 
relay parts. 


For encapsulation of small elec- 
tronic parts where delicate in- 
serts are to be sealed within 
a protective shell. Molds 
rapidly at extremely low pres- 
sures. Available in soft, putty- 
like sheets. Easy to handle — 
no mixing required, 
PROPERTIES 

For many applications the co- 
efficient of linear thermal ex- 
pansion will be found similar 
to popular wire types (their 
thermal conductivity dissipates 
heat faster) producing less 
change in dielectric perform- 
ance before and after encapsu- 
lation. Conform to the MiL-M- 
14F specification, Type MAG. 
APPLICATIONS 

Resistors, capacitors, coils, 
transformers, small electronic 
devices. 


Reinforced with glass fiber for 
increased impact strength. 
Combines the electrical quali- 
ties typical of Alkyds with the 
high strength of glass fiber re- 
inforcement. Also retains 
excellent dimensional stability 


and MIL-M-19833, Type GDI-30. 


APPLICATIONS 

Computer parts, synchros, coil 
forms, terminal blocks, con- 
nectors, stand-off insulators, 
heavy-duty circuit breakers and 
switch gear. 


Each resin is designed to de. bem ag 


liver specific performance 
characteristics such as gloss, 
superior gloss retention, chem- 
ical and solvent resistance, 
durability and rapid drying. 


APPLICATIONS 

Paints, varnishes, lacquers, 
printing inks and self-polishing 
floor waxes. Exterior and inte- 
rior appliance, automotive and 
industrial uses. 








PLASKON 
POLYESTER RESINS 


PLASKON HALON* 
RESINS TYPES VK & TVS 


> PLASKON MELAMINE 


PLASKON NYLON-6 





A line of specially formulated 
resins for cost-saving pre-mix 
molding, which permit rapid 
production of parts of varying 
thicknesses, intricate contours 
or molded-in inserts. Molders 
can use their own reinforce- 
ments, fillers and catalysts. 


PROPERTIES 

Great strength and light weight 
in reinforced plastic laminates. 
“Built-in” molding advantages 
include pre-acceleration to 
speed production, rapid im- 
pregnation and excellent re- 
lease for matched-metal mold- 
ing. Plaskon Polyesters for 
matched-metal molding offer 
better mold release, higher 
gloss and less crazing than 
general-purpose resins 


APPLICATIONS 

Boats, housings, translucent 
panels, furniture, packaging 
and aircraft components. 


Fluorohalocarbon plastics for 
difficult design problems. Easily 
extruded, compression and in- 
jection molded. Structure re- 
tards crystallization during 
siow cooling cycles after ex- 
posure to high temperatures— 
tending to maintain toughness, 
flexibility and clarity. 


PROPERTIES 

Built-in flexibility, radiation re- 
sistance end excellent mold- 
ability. Virtually unaffected by 
inorganic acids, alkalies or 
oxidizing agents. No mnisture 
absorption. Easy to clean. Ex- 
cellent optical qualities, Trans- 
parent up to Ye-inch cress 
section. Resistant to heat and 
cold; Type VK serviceable up 
to 350°F., TVS to 390°F. Thin 
sections can be flexed at 
—320°F. Good abrasion resist- 
ance, impact tensile and com- 
pressive strength, High volume 
and surface resistivity at high 
and low temperatures. Low di- 
electric constant and good 
power factor at high tempera- 
tures and frequencies. Non- 
flammabie. 


APPLICATIONS 

insulation for hook-up wire, 
printed circuit boards, flexible 
cable and cable assemblies. 
Coil forms, tube sockets, ter- 
minal insulators, etc. Lining 
material for storage tanks, pipe 
lining, gaskets, “O” rings, etc. 
Caps for containers of highly 
corrosive liquids. 


A molding compound which 
provides the hardest surfaces 
attainable with plastics. 


PROPERTIES 

Excelient arc resistance, hard- 
ness, lightfastness. inert to 
chemical and pharmaceutical! 
reagents. Highly resistant to 
electrical tracking. Tasteless 
and odorless, Surpasses urea 
in resistance to acids, alkalies, 
heat and moisture absorption. 
Varying degrees of translucency 
permit unlimited color range. 


APPLICATIONS 
Dinnerware, appliance hous- 
ings, electrical parts and wir- 
ing devices, cutlery handles 
and buttons. 


New types of molding and ex- 
trusion compounds different 
from previously available do- 
mestic nylon. A polymer of 
caprolactam. 


PROPERTIES 

Unusual toughness, abrasion 
resistance, self-lubrication, 
high heat-distortion tempera- 
ture, high strength-to-weight 
ratio and good chemical resist- 
ance. Less shrinkage and supe- 
rior dimensional control then 
other nylon types. Broader 
meiting range—can be molded 
at lower temperatures and 
pressures. Superior impact 
strength, better moldability in 
thick sections, easier pigmen- 
tation. 


APPLICATIONS 

Precision parts such as gears, 
cams and bearings. Smal! tub- 
ing, shapes, small and large 
rod, film, laminates, wire and 
rope covering. Parts requiring 
stability against oxidative em- 
brittlement at high tempera- 
tures. Fish line, heel lifts, pipe 
fittings, pipe, blown bottles. 


vents, heat, chipping and 
cracking. High dielectric 


appliance and other housings, 
cosmetic and jewelry contain- 
ers, buttons. 


BASIC TO AMERICA’S PROGRESS 








ON 
FILLED UREA 


A-C® 
POLYETHYLENE 6 





An improved general-purpose 
molding compound available in 
black, NEMA closure browns 
and large-volume special 
opaque colors. 


PROPERTIES 

Tasteless and odorless. Highly 
resistant to electrical tracking; 
excellent arc resistance and in- 
sulation properties. Hard; 
lightfast; inert to chemical and 
pharmaceutical reagents. Often 
performs as well as cellulose- 
filled urea, differing mainly in 
opacity and color quality. 
APPLICATIONS 

Wiring devices, switch plates, 
closures, household circuit 
breakers and light industrial 
switch gear. 


A processing aid and modifier 
for use in injection molding, 
slush molding and extrusion. 
By varying the amount of A-C 
Polyethylene 6, you can tailor 
the resin melt index to meet 
any molding problem. 


PROPERTIES 

Tasteless, non-discoloring. Un- 
usually inert and very stabie. 
Resistant to water, dilute acid 
solutions, and basic solutions 
such as ammonium hydroxide 
and sodium hydroxide. Compat- 
ible with most hydrocarbon 
polymers. 

APPLICATIONS 

Adding smali amounts of AC 
Polyethylene 6 to high molec- 
ular weight resins shortens 
cycle times by increasing flow, 
improves color dispersion, im- 
proves gloss, permits use of 
better base resins, improves 
mold release, lowers pressure 
requirements and reduces in- 
ventory of grades needed. 
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Piaskon® plastics and resins are backed by the technical proficiency of Allied Chemical’s applications and technical 
laboratories, They are manufactured under the strictest quality controls. Write us for more information on any of these hard- 
working materials, or for help with design, fabrication or materials selection problems. 40 Rector Street, New York 6, N. Y. 


PLASKON end A-C ave registered trade marks of Allied Chemica! Corporation + HALON iss trace mark of Allied Chemical Corporation. 
NOTICE: The information herein is presented in good faith, but no warrenty is given, nor !s freedom from any patent to be inferred. 
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Any continuous tubing pattern 
you can create on paper can be 
put into a homogeneous alum1- 
num or copper ROLL-BOND sheet. 


For Brochure write Sales Manager, Roll-Bond Products, In 


Olin Mathieson Chemical Corporation, East Alton, Illinois. METALS DIVISION 


€ For more information, circle No. 459 For more information, turn to Reader Service card, circle No. 482 








Save on material cost ” 
Save on machining 


Republic 
ELECTRUNITE 


Special Smooth I.D. 


Hydraulic 
Cylinder 
Tubing 


N 


\ 


the tubing that can often be delivered as a finished part 


Precision controlled wall thickness with uni- 
form concentricity makes ELECTRUNITE 
Special Smooth I.D. a finished part ready 
for use without machining in many hydraulic 
applications. 

Because you can order ELECTRUNITE in 
exacting wall thicknesses, there’s no need to 
pay for extra metal which may ultimately 
be machined away. 

Only selected quality flat rolled steel is 
used in making ELECTRUNITE Special Smooth 
I.D. Hydraulic Cylinder Tubing. Thickness 
of this steel is precisely controlled in roll- 
ing, assuring uniform wall thickness of the 
finished tubing. 

All tubing is welded by the exclusive 
ELECTRUNITE process without addition of extra 
metal, assuring that the weld area is of the 


same chemistry as the rest of the tube. In 
the processing, lengths of tubing are normal- 
ized in a controlled atmosphere furnace, 
completely recrystallizing the weld area to 
provide a uniformly ductile tube. 

Tubing is drawn through a ring die and 
over a highly polished mandrel, attaining 
exacting I.D. and O.D. tolerances as well as 
a dense I.D. surface finish. 

Standard I.D. tolerances are closer than 
those shown for tubing made by other proc- 
esses. When necessary, tolerances can be 
maintained to 50% closer than standard. 

For full information on Republic ELEc- 
TRUNITE Special Smooth I.D. Hydraulic 
Cylinder Tubing, Republic Hydraulic Fluid 
Line and Mechanical Tubing contact your 
Republic representative or write direct. 


Strong, Modern, Dependable 





PROBLEM-SOLVING KNOW-HOW AND EXPERIENCE have made 
Republic a leader in custom production of Fastener and Formed 
Parts “Specials.” Whenever standard fasteners or formed 
parts can't do the job, you'll save time and money by con- 
tacting Republic. Republic will handle the complete job — design, 
engineering, and production—or any phase of it. Extensive 
capabilities result from modern forming, extruding, and upset- 
ting equipment plus complete machining, heat treating, and 


surface finishing facilities. Send coupon for data. 


STEEL FOR COLD EXTRUSION, supplied in heavier coils weighing up to 1600 
pounds is produced in Republic's New 11” Chicago Bar Mill. Atmosphere con- 
trolled continuous annealing furnaces can anneal, normalize, or spheroidize 
to your precise requirements. The cold extrusion process virtually eliminates 
raw waste material. Standard equipment may be available to minimize your 


re-tooling costs. Mail coupon for data. 


WRENCH SOCKETS, made by Herbrand Division of The Bingham-Herbrand Bors are formed, drilled, and cut off in an automatic screw machine, 


Corporation, Fremont, Ohio, illustrate the kind of application where the then hot broached to shape internal dimensions. Final stages of socket 


superior strength, toughness, and machinability of Republic Cold Finished production include heat treat and chrome plating. Mail coupon for more 


Alloy Bars help produce a better product at lower cost. data on Republic Alloy Bars. 





REPUBLIC STEEL CORPORATION 

DEPT. ME-2576-A 

1441 REPUBLIC BUILDING - CLEVELAND 1, OHIO 

Please send more information on the following subjects: 

0 ELECTRUNITE® Special Smooth I.D. Hydraulic 
Cylinder Tubing 

©) Republic Steel for Cold Extrusion 

© Republic Alloy Steel 

© Republic Fasteners and Formed Parts “‘Specials”’ 


REPUBLIC STEEL 


REPUBLIC HAS THE FEEL FOR MODERN STEEL 


a ee eee _ aS 





Company 


Address 





City Zone State 





For more information, circle No. 323 
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What's News in Rubber... 


ENJAY BUTYL BEATS HEAT-WEATHER-WEAR 


; a’ — 


Continuous contact with materials as hot 
as 350°F (as in this conveyor belt) pre- 
sents no problem to Enjay Butyl HT 10-66 
when properly compounded for heat 
resistance. Actual service shows that 
other grades of Enjay Butyl also have 
exceptional resistance to high-tempera- 
ture aging in ordinary atmospheres, oxy- 
gen or super-heated steam. 

For application data, or for technical 
assistance in applying Butyl, write to 
Enjay, 15 West 51st Street, New York 
19, New York. 


Lightweight, durable, permanently 
flexible and applied cold, this color- 
ful new roofing system at Longway 
Planetarium in Flint, Mich., takes 
full advantage of the unusual flexi- 
bility and non-hardening properties 
of Enjay Butyl. 


New Enjay Butyl HT 10-66 adds 
toughness to air-holding innerliners 
which help assure correct inflation 
pressure on tubeless tires; gives 
greater blowout protection and im- 
proved tire-tread wear. Also used 
for sidewalls and chafer strips. 


EXCITING. NEW PRODUCTS THROUGH PETRO-CHEMISTRY 


ENJAY CHEMICAL COMPANY 


A DIVISION OF HUMBLE OIL & REFINING COMPANY 


For more information, turn to Reader Service card, circle No. 422 
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SILICONE NEWS from Dow Corning 


ere Weight Counts 


Use Silicone Glass Laminates For munication systems from damage by elec- 


. a trical discharge. The slotted laminate 
High Strength, Good Electricals serves as both a retainer and an insulator 


for the flexible spring elements. 


HEAT REFLECTORS. Ducts, pods, and 


shields for missiles and aircraft are also 


The combination of exceptional properties and ease of fabrication puts 
silicone-glass laminates in a class alone. Made with Dow Corning silicone 


resins, these glass cloth laminates are rigid and strong. Just as impor- ‘et 
made of silicone-glass laminates. In the 


tant, they offer a better strength-to-weight ratio than many light metals. 1 
At —80F or 750F (even higher temperatures intermittently), silicone Super Sabre F-100 built by North Ameri- 
laminates retain their high order of resistance to moisture, weathering, °*" Aviation, a rigid drag chute case is 
dmene, counenint, thesensh duck elentien made with these rugged silicone materials. 


, if} > > oO > eno} > ¢ a . 
and fungus attack. Dielectric properties Positioned next to the engine at the rud 


der base where continuous heat is 750 F, 

stay constant. . ; x 3 

the gold-metallized case resists jet engine 

LIGHTNING BARRIER. An example of — ambients, reflects heat away without loss 

how both the mechanical and dielectric of structural strencth. 

properties of silicone laminates can be used 
co = ill 1 al n [TypicaL PHysicaAL PROPERTIES 

to good advantage ns illustrated a ave. i Flexural Strength, psi ___________-99.40.000 

slotted silicone laminate spring guide is a After 200 hrs at 500 F ___-- _. 10-19,500 

Tensile Strength, psi ....--......--. 10-14,000 

a , rT After 200 hrs at 500 F __- 14-18,000 

this jet aircraft. The arrester protects the pincile Srenath to Weight Ratio 

probe antennae of long range HF com- After 200 hrs at 500F 9.3 x 10-2 


key component of the lightning arrester on 


For further data and a 
list of fabricators of silicone laminates, 
write today to Dept. 7421a 
Dow Corning CORPORATION 
MIDLAND, MICHIGAN 
ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, DBD. c. 
For more information, turn to Reader Service card, circle No. 344 
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Designing For Cost Conscious People? 
Then Read... 


Lockheed F-104A Starfighter with 
aluminum surfaces protected by Iridite 14-2. 


How (LALIT Helps Lockheed 


Cut Aluminum Finishing Costs 


Nine years ago, Lockheed switched from 
anodizing to Iridite chromate conversion 
coatings. That year, they saved over $40,000 
in materials and manpower. 

Today, Lockheed is still saving money with 
Iridite 14-2. Here’s how: 

Process time is reduced from 45 minutes to a 
maximum of only 5 minutes. Three times as 


much work is processed in a single run. 
Easy-to-load baskets, replacing costly anodiz- 
ing racks, save $15,000 per year. Expensive 
electrical equipment is eliminated bécause 
Iridite is a simple chemical dip. 


Moreover, Iridite 14-2 gives improved corro- 
sion resistance, easily meeting MIL—C-5541, 
and provides excellent paint adhesion. 


More than likely, Iridite can save you money and give you better finishing 


results than your present method. 


Discuss it with your Allied Field 


Representative. Or, write for literature. 


Allied Research Pr oducts, TNC. 4004-06 €ast MONUMENT STREET © BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: |. H. Butcher Co. @ Evropeon Agent: Sture Gronberger, Storgaton 10, Stockholm, Sweden 


qurn* 
Coctings 


Chemicol ond Electro 
chemical Processes, Anodes, 
Rectifiers, Equipment ond Supplies for Metal Finishing 


Chromotes 


Trrrue?| GTI? 
Supplies 


Brighteners 


Equipment 


For more information, turn to Reader Service card, circle No. 436 
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ASARCON 


custom shapes and forms 
in any lengths 
you need 


Asarcon continuous castings give you an ex- 
tremely wide variety of shapes and forms 
in standard bronze alloys. They will increase 
your production rates and lower your costs, 
because: you get the shape you want in any 
length you need up to 20 feet. This permits 
machining on automatic screw machines and 
other high-speed equipment. 


Continuous casting of Asarcon bronzes raises 
fatigue characteristics of standard alloys 33 
to 100%, increases impact strength from 
15% to more than double that of identical 
alloys cast other ways, adds materially to 
tensile, yield strengths and hardness. Asar- 
con 773 (SAE 660) bearing bronze in solids, 
rods and tubes is immediately available from 
stock in your choice of more than 260 sizes 
up to 9” O.D. and lengths up to 105”. A 
wide variety of other special alloys, shapes 
and sizes produced to order. 


For complete data on Asarcon continuous- 
cast bronze, write Continuous-Cast Depart- 
ment, American Smelting and Refining 
Company, Perth Amboy, N. J., Whiting, 
Ind.; or 120 Broadway, New York 5, N. Y. 


i 
ARCO 


For more information, turn to Reader Service card, circle No. 378 











Plastics 


Pro-fax proves precisely right 


A must plastic for many new uses, 


Pro-fax always provides the most plastic, too 


Because it offers advantages never before available 
in a thermoplastic, Pro-fax polypropylene has be- 
come a “must” for many new uses. But not for 
exactly the same reasons in every instance. Ver- 
satile Pro-fax has many important features unique 
in its price-property class, and often just a single 
one of them is ample justification for its usage. 
Sometimes heat and chemical resistance are the all- 
important ‘‘musts.” Again, the economies made 
possible by the built-in Pro-fax hinge have been 


foremost in prompting its selection. Its light weight 
and resilience have on many occasions been prime 
reasons for specifying Pro-fax. 

Whatever the “‘must,”’ Pro-fax invariably also 
provides the most in a modern construction ma- 
terial. Lightest of all plastics, it yields the most 
plastic product per pound. Its many innate plus 
features, in terms of properties, processability and 
cost, always add up to biy value in functionality... 
merchandising appeal . . and consumer satisfaction. 


Pro-fax is in the picture when heat resistance is a “must” 
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Resistance to heat from the projector 
light made Pro-fax a ‘“‘must”’ for “‘Duo- 
jector.”” This new magnifier-projector 
for slides, artwork, photos, coins and 
stamps has a host of other plus features 
thanks to Pro-fax: compact, attractively 
styled, readily portable—since it’s made 
with the lightest of all plastics—Duo- 
jector is virtually unbreakable, with a 
rich, colorful finish that is immune to 
staining and will withstand both use 
and abuse. 


Molded by Como Plastics, Columbus, 
Indiana, for Rainbow Crafts, Inc., Cin- 
cinnati, Ohio. 





Pro-fax hinges dispense with assembly costs} 


Pro-fax was a “must” in this unique dispenser-package 
for Permacel’s RIBBON DOPE* Thread Sealant, a new 
sealer designed for use on threaded pipe joints. Four in- 
tegrally mol.led hinges are combined in a single molded 
part which opens to accommodate a roll of RIBBON 
DOPE, then folds and locks together to make a light- 
weight compact carrier. A snap-in blade cuts tape to any 
desired length, and the handy unit can be tucked in 
pocket or tool box, stored in any convenient place, or 
kept available on the worktable. When product success 
hinges on functionality plus low cost, Pro-fax provides 
the most plastic for the job. 


*Trademark of Permacel 


Molded by Pyro Plastics Corp., Union, N. J., for Permacel, 
New Brunswick, N. J. 


4 DOMINION makes a case for Pro-fax in 
portable home appliances 


All of the advantages of Pro-fax which make it ideal for 
luggage—light weight, resilience, resistance to scuffing 
and staining—were needed in the case for Dominion 
Electric’s new hair dryer. But UL listing was required, 
too. Dominion achieved this by the use of an intumescent 
coating, applied to the interior surface of this handsome 
injection-molded carrier. Result: A revolutionary new 
appliance, a veritable portable beauty salon, easily moved, 
usable anywhere. 


Molded by Compro Company, Canton, Ohio, for Dominion 
Electric Corp., Mansfield, Ohio. 


Many “musts” make Pro-fax the most * 


The combination of properties available in Pro-fax made 
this radical new concept in laboratory equipment a 
reality. Six of these molded ‘“‘drawers,”’ each holding nine 
culture tubes, nest in a compact case which permits han- 
dling 54 tubes at one time. They replace a cumbersome 
metal rack which required individual handling of each 
tube under the microscope and during subsequent clean- 
ing and sterilizing. Pro-fax was a ‘“‘must”’ for the resilient 
retainer rings which anchor test tubes firmly in place so 
that a full drawer can be studied, washed, and steam- 
autoclaved without removal. Pro-fax was a “‘must,’’ too, 
for the built-in hinge catch on each drawer, designed to 
hold it in the six-drawer case. All these many “musts” 
have made Pro-fax the most plastic for a variety of new 
laboratory-ware applications, including test tubes, beak- 
ers, and a number of measuring devices. 





Molded by Philadelphia Plastics and Manufacturing Co., 
Phila., Pa., for Advance Scientific Corp., Phila., Pa. 


HERCULES POWDER COMPANY 


Polymers Department 
Hercules Tower, 910 Market Street, Wilmington 99, Delaware 


For mere information, turn to Reader Service card, circle No. 448 
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Built to drill reinforced concrete 


Stanley No. 404 portable drill gets critical strength from 
gears and pinions of Nickel alloy steel. 


This electrically powered impact drill is designed to cut 
through reinforced concrete, brick, stone, masonry mate- 
rials, and concrete pipe ... without deflection. It can drill 
holes or cut cores in any diameter from ;;" to 4” without 


chipping, cracking or breaking out when close to an edge. 


To give this hard-hitting drill built-in stamina, Stanley 
engineers specify carburized AISI 4620 (1.8% nickel) 
for critical parts of the power train. The hard case and 


tough core of this nickel alloy steel stand up to the severe 


operating shocks of impact drilling . .. provide outstand- 
ing resistance to fatigue and wear. 

When you design, order, or use heavily stressed machine 
components, remember that nickel alloy steels take the 
tough jobs in stride. For helpful engineering data on 
these alloys write to Inco. We'll be glad to help. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


sk, INCO NICKEL 


Nickel makes alloys perform better longer 








Ameripol Micro-Black cuts rubber mixing time 20%... 


steps up production at Bata Shoe 


The Bata Shoe Company recently faced production 
problems in their winter line of footwear. When using 
free black, color contamination was delaying production. 
Whenever a light color run followed production of black 
items, Bata was forced to close the line while equipment 
was painstakingly cleaned. It was a time-consuming, 
messy job. 

For Bata, the solution was a changeover to Goodrich- 
Gulf Ameripol Micro-Black Masterbatch. Using Ameripol 
1605, the most delicate pastel shades now follow black 
with no contamination problems. And, equipment, 
employees and production lines stay clean. Mixing time 


has been cut from a two-stage to a one-stage operation, 
saving as much as 20% in time. 

If you manufacture shoes, tires, camelback, coated 
fabrics or any other black rubber products, consider 
Ameripol Micro-Black Masterbatch for this three-fold 
payoff . . . in production by eliminating weighing and 
milling operations plus shortening mixing time .. . in 
storage by eliminating in-plant handling of carbon black 

. in products by assuring thorough dispersion of 
carbon black in the rubber for increased abrasion 
resistance, lower heat build-up. 

Put Micro-Black to work on your production line. 
Call your Goodrich-Gulf sales engineer. Or write us at 
1717 East Ninth Street, Cleveland 14, Ohio. 


q> Goodrich-Gulf Chemicals, Inc. 


WORLD'S LARGEST SOURCE OF SYNTHETIC RUBBER 


For more information, turn to Reader Service card circle No. 473 
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Temperibg temperature’s temper 


Heat of 2000+ deg. F. is generated in a supersonic jet’s 
tailpipe. So is extreme vibration. 

By far the best alloy tested for this critical component is 
MULTIMET alloy—one of 12 HayYNeEs alloys helping 
combat heat, stress, and erosion in the jet engine, missile, 
and rocket field. 

HAYNES alloys are relied on for use in afterburners, turbine 
blades, nozzle vanes, and many other high-temperature 
parts. All 12 Haynes high-temperature alloys are 
production alloys and are readily available. Some are 
vacuum melted. Some air melted. Some are cast, 
some wrought, some are produced in both forms. 


Complete vacuum melting equipment is part ALLOYS 


of HAYNES STELLITE’s modern plant facili- HAYNES STELLITE COMPANY 
ties. For full details, write for 48-page de- Division of Union Carbide Corporation 


scriptive booklet. Kokomo, Indiana Uy Sire). ) 


(oy Vedsiio) a 





Address inquiries to Haynes Stellite Company, 270 Park Avenue, New York 17, N. Y. 
“Haynes,” “Multimet,” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 


For more information, turn to Reader Service card, circle No. 390 
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SANDVIK 11R51 STAINLESS STEEL 





A Proven 
Solution 
To These 
Spring 
Problems 


Sandvik 11R51 steels’ 

combination of high corrosion 

resistance and superior spring 

characteristics has proven itself : 

in spring designs which must » f. 1 Withstand severe temperature changes 
_ and condensates 


2 Have high fatigue life and tensile strength 


To learn more about how this ios 3 P id high torque values 


special steel can solve your 


specific spring design problems, 


4 Not creep during long period of stress 


eliminate the need for redesign 3 5 Gide Consistent ‘praditeibile’ reuute 
. i ‘hy iJ 


and retooling, and improve your 


product, use this coupon. 





' SANDVIK STEEL. INC. 
1702 NEVINS RD., FAIRLAWN, N. J. 


SANDVIK STEEL INC. 


1702 Nevins Road, Fairlawn, N. J ! Please send me your free booklet on Sandvik 11R51. 
Tel. SWarthmore 76200 ) Bi As) () Please have your representative phone for an appointment. 


In N.Y.C. ALgonquin 5-2200 aes 1 

Branch Offices: Cleveland « Detroit * Skokie = Ren - Title 
Los Angeles y ie 
SANDVIK CANADIAN 
LTD., P. O. Drawer 1335, 
Sta. 0, Montreal 9, P. Q. 
Works Sandviken, 
Sweden 











88-226 
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STOKES invites you to investigate the many marketing advantages of offering your product 

in tablet form. By the simple device of tabletting your product in a distinctive 
shape, for example, you can establish strong product identity ... even in a highly competitive market. 
Since tablets are more compact than powders, package-size requirements are reduced. The savings 
realized from this reduction in size can be put to work ‘‘glamorizing"’ the package. 











Tablets also have the advantage of built-in measurement. With a tablet detergent, for example, busy 
housewives do not have to waste time fumbling with measuring cups. A few tablets and the family wash 
is ready to go. Kiddies can also make their own soft drinks with a single, no-mess effervescent tablet. 


And this is just a sampling of the many exciting marketing possibilities offered by modern high-speed 
tabletting. There are many production advantages, too. To get more information, contact your nearest 
Stokes representative. If you desire, we will gladly test run your product in the Stokes Laboratory and 
make detailed tabletting recommendations. Tabletting Press Division, F. J. Stokes Corporation, 5500 


Tabor Road, Philadelphia 20, Pennsylvania. 
detergents 


soft drinks 

coffee 

bleach 

bath salts 

insecticides 

water treatment tablets 
concentrated foods 


tea 

salt 
spices 
candies 





— 


ng ee ee 


Put EREETEY 50 years of tabletting experience to work for YOU! 


For more information, turn to Reader Service card, circle No. 445 
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IMPACT RESISTANCE 


FIRST FAILURE 


YU 


4 
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DROPS FOR FAILURE 


In blow-molding... 


Only Cellulosics offer 





DEGREE OF VACUUM FOR 
WALL COLLAPSE 


a 


Co Tao 


bliin Me} 
‘une 


toughness and transparency 


with economy 


New blow molding techniques, new cellulosic materials can 
mean improved products and lower costs for you. And you 
can depend on Celanese for the newest and best in cellulosics! 
Bottles, for example, blow-molded of Celanese cellulosics 
are light in weight . . . economical . . . far stronger and impact- 
resistant than similar bottles of many polyethylenes. And 
they will hold many products polyethylene can’t. Proof? 
Refer to the charts on this page. And specific formulations 
can be had with either FDA or Underwriters approval. 
Celanese Forticel and Celanese Acetate are two cellulosics 
well worth your interest. Both are high impact, rigid, shatter- 
resistant plastics. They offer fine surface, color permanence 


fA) YW™ fe tS) 
C P@i0nuese POLYMER 


Celanese Polymer Company is a Division of Celanese Corporation of America 
Canadian Affiliate: Canadian Chemical Company Limited, Montreal, Toronto, Vancouver 


Export Sales: Amcel Co., and Ameel Co., Ine., 522 Fifth Avenue, New York 36. 


For more information, circle No. 389 


—come in transparent or opaque formulations. Acetate is the 
mature, proved plastic while Forticel has the best combination 
of properties of all the cellulosics. 

Don’t you overlook the tried and true advantages of cellu- 
losics—for various uses from bottles to industrial com- 


ponents. Only cellulosics offer you both toughness and 
Celanese® Forticel® 


transparency at a reasonable price. 


CLIP THE COUPON FOR DATA ON CELLULOSICS! 


Celanese Polymer Company, Dept. P1025 

744 Broad Street, Newark 2, N. J. 

Please send me bulletin A3-B ““Blow-molding Cellulosics” 
NAME 

COMPANY 

ADDRESS 


See ee 








Now, Amchem further widens pre-paint treat- 
ment flexibility! First there was spray applica- 
tion, then dip, then spray-dip—all exclusive 
Amchem developments. And today, Amchem 
announces roll coat application of chromate 
coatings, providing still more features and 


economies in treating aluminum! 


Roll coating with Alodine offers greater flexi- 
bility in processing and in speed, in cost reduc- 
tions for maintenance. Equipment required is 
minimized. Uniformity of coating is equal to or 


*Amchem’s registered t 


ademark for its conversion-coating chemicals for aluminum. 


Another vital new 
ore) aler-] 0) ai lammeial-laaller-t 


pre-paint treatment 


by AMCHEM! 





as 


better than existing methods. Advanced equip- 
ment design and increased chemical activity of 
Alodine 1200 Series chemicals make roll coating 
possible. It is the most practical and efficient 
pre-treating process yet available for aluminum 
fabricators. 


Get the full details on how roll coating with 
Alodine can save you substantial time, money 
and labor while boosting product quality 
through the ultimate in paint adhesion. Call 
your local Amchem Representative, or write us 
direct, but do it soon! 


ALODINE 


Amchem is a registered trademark of 
AMCHEM PRODUCTS, INC. (Formerly American Chemical Paint Co.) 
AMBLER, PA, « St. Joseph, Mo. ¢ Detroit, Mich. ¢ Niles, Calif. ¢ Windsor, Ont, 


For more information, turn to Reader Service card, circle No. 394 
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apply the 
T&W TECHNIQUE 


to reduce cost... 
improve quality 


T & W was able to save one manufacturer 54% on 
the total overall cost of his part. This and many 
more such examples are the end result of T & W 
applying a modern concept of ideas and experience 
which is helping manufacturers in a wide range of 
industries to reduce parts cost and improve quality. 


Let T & W try to do the same for you. Just call or 
write—or send us a print. 


WwW forgings Ww Stampugs 
Sizes: 1 ounce to 500 pounds. Sizes: 3 inches by 3 inches, to 
Materials: Carbon and Alloy Steel, 60 inches long, 40 inches wide 
Non Ferrous and Stainless, Tita- and 16 inches in drawn depth. 
nium, Pure Molybdenum, and High Materials: Steel, Stainless and 
Temperature Alloys (Plain or Heat Aluminum. (Blanking, forming, 
Treated). welding, sub and final assem- 


IT’S perTer (ieremas blies). 
TRANSVUE 2a WILLIAMS 


COMMERCIAL FORG/INGS AND DEEP DRAWN STAMPINGS 
aaa Sales Offices: Philadelphia ° Chicago ° Dallas 
Old Saybrook (Conn.) ° Detroit ° Los Angeles 


For more information, turn to Reader Service card, circle No. 340 
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A Look 


ina New Direction 


There are so many thing's epoxy resins do and do well. 
There must be many more. xx The promise of this is everywhere. 

What these remarkable resins already have contributed to fresh 
ideas in practical product development we believe is only a beginning. 
The range of epoxy resin potential in your business, for example, may well 
be limited only by the opportunity to show what can be done. xy You are likely 
to find in the abundance of properties uniquely combined in the epoxies a 
material answer to a basic problem in design, production, or both. xy CIBA has 
pioneered continuously in epoxy resins development since their introduction. 
CIBA basic research and collaborative investigations continue to carry this 
work forward with formulators and end-users. This sound integration of 
effort, along with a strong basic raw material position and the most modern 
production facilities of their kind, is enabling us to help point the way 
to many new fields of application. xx For all who are interested, the first 
step is to know as much as possible about what epoxy resins are and 
do. CIBA, where research is the tradition, we believe can help 
you to take a stimulating look in a new direction. 


CIBA Products Corporation, Fair Lawn, N. J. 


Innovations in strength and beauty for the new architecture . 
safety surfacing and minimum maintenance to cope with 

modern highway traffic wear and tear power-packed heat 
shielding protection for delicate electronic elements and 

structural components in guided missiles . . . adhesives for industry 
and the household that are unmatched for strength and 
permanence in new assembly and repair . . . are a few of the many 
forward steps ¢ IBA Araldite® Epoxy Resins have achieved 


CIBA 
First in Epoxies 


For more information, circle No. 433 





TEMPERATURE 
EXTREMES 

CREATE A 

DESIGN PROBLEM? 


Du Pont coated 
fabrics made with 
silicones may help 


you solve it 


INDUSTRIAL COATED 
FABRICS 


Du Pont Fairprene® fabrics coated with silicones 
(polysiloxane polymers) offer a wide range of ap- 
plication possibilities in product design and im- 
provement. Note these outstanding properties: 


They remain flexible even in sub-zero temper- 
atures down to —65°F.... yet resist temper- 
atures as high as 450°F. 


They resist oxidation, ozone, and corona... 
properties that add to their value in the elec- 
trical insulating field. 


Exceptional anti-stick qualities. 


Excellent electrical resistance and a dielectric 
strength of 500 VPM or better. 


Silicone rubber sheets are also ideal for gasket- 
» ing materials in high- and low-temperature ap- 
fa plications. 

They’re strong and flexible. 


Resist oil and abrasion. 


Du Pont ‘‘Fairprene’’-coated fabrics offeralmost 
unlimited properties to help solve design prob- 
lems. Fabrics of ‘‘Dacron’’*, ‘‘Teflon’’**, glass 
and other substrates are available with elasto- 
meric coatings 38” wide and in thicknesses 
ranging from 1/64” to 1/8”. 
If you have a design problem, send coupon below 
for technical literature and samples of these fab. 
rics. Du Pont has had wide experience in the devel- 
opment of coated fabrics for many applications, 
and stands ready to work with manufacturers in 
formulating coated fabrics or sheet stocks to meet 
specific requirements. 


‘‘Dacron"' is Du Pont's registered trademark for its polyester fiber. 
***‘Tefion"’ is Du Pont's registered trademark for its tetrafluoroethylene. 


e"’ fabrics coated with 
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TO 


EVERY GRAMIX PART IS 


INSURE SUCCESSFUL PERFORMANCE 


(PRODUCTS OF POWDER METALLURGY) 


APPLICATION | 
ENGINEERED 


One of the most important factors to consider when pur- 
chasing powder metal parts is that of successful part 
performance; for a part to successfully perform its job, 
all of its physical and metallurgical characteristics must 
be suited to the application. 


GRAMIX Products of Powder Metallurgy are always 
Application Engineered, which means product is spe- 
cially matched to each specific application. From an al- 
most unlimited variety of metal mixtures, one alloy is 
blended that contains the required properties and charac- 
teristics of the finished part; a// aspects of part design 





and conditions under which it must operate are taken 
into account. Only then is the GRAMIX part produced. 


Eight of these Application Engineered GRAMIX parts 
are shown here. Each precisely suits the requirements of 
its job... each is the best part available for the job. 


When you specify a GRAMIX part, you can always be 
sure that it has been Application Engineered for success- 
ful performance, long life and complete reliability. For 
more information on Application Engineered GRAMIX 
parts, write for Engineering Handbook G-55. 





CORN SEEDER 


GRAMIX was the material spec- 
ified for this corn seeder part 
because the surface finish ob- 
tainable with the alloy used re- 
duced the tendency of material 


to stick to the surface. 
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CONNECTING COUPLING 


The connecting coupling em- 
ployed in a small home ironer is 
formed from a special GRAMIX 
hardened steel alloy; it offers 
low wear and shock resistance, 


CONTAINER COVER END CAP 


Great savings were realized 
when retainer caps for certain 
types of electric motors were 
made of GRAMIX. 

This process made it simple and 
economical to mold the multi- 
ple holes to precise tolerances 
without extra operations. 





HELICOPTER THRUST WASHER 





The outstanding features of the 
GRAMIX alloy specified for 
this thrust washer are a depend- 
able and consistent friction and 
wear pattern as well as a fine 
surface finish. 





TAPE RECORDER SPINDLE 


One of the important requisites in a tape 
recorder is a low noise level. United States 
Graphite Company engineers developed 
a special alloy to meet these requirements 


in the GRAMIX spindle. 


Built-in lubrication and low friction 
to reduce heat are important features 
of the GRAMIX alloy chosen for this 
guide bearing. 


LIQUID PUMP END PLATE 


This end plate is typical of 
many parts employed in liquid 
pumps of many types. 








Ic is made from a wear resistant 
bronze alloy that was developed 
for pump applications. 


FRACTIONAL H.P. MOTOR 


The GRAMIX bearing for this 
Fractional h.p. motor was devel- 
oped from a special low noise 
level alloy. 

Its_self-lubricating properties 
were also an important consid- 


eration in specifying GRAMIX. 


INDUSTRIES 
FEDERATION 


THE UNITED STATES GRAPHITE COMPANY 


me, DIVISION OF THE WICKES CORPORATION, SAGINAW 3, MICHIGAN 
7 GRAPHITAR® carson-crapnite © GRAMIX® powoER metaLurcy © MEXICAN® crapnire prooucts © USG® Brusnes 
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New, complete line of 


RBzW molded plugs 





Avoid damage to threaded holes...get leakproof seal, too 


You entirely eliminate the risk of 
damaging a costly tapped hole with 
RB&W molded plugs. If inadvert- 
ently crossed-threaded, their plastic 
material yields to metal threads— 
especially important where the 
tapped holes are in malleable metals. 

They seal tightly under pressure, 
too. That’s because all RB&W plastic 
plugs are molded hollow. Fluids un- 
der pressure exert radial forces that 
expand threads for an even tighter, 
dry, plastic-to-metal contact. 

They resist corrosion, usually cost 
less than their metal counterparts, 
are available in various materials 
for various jobs. 

DE! FIN®—All-purpose RB&W Del- 
rin® plugs ideally seal gases or fluids 
in compressors, pumps, valves, pneu- 
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matic and hydraulic systems, or any 
service involving contact with petro- 
leum derivatives. Delrin plugs have 
metal-like mechanical properties, 
are suitable for use to 250°F. 


NYLON—Made from heat-stabilized 
nylon (Zytel® 103), RB&W plugs 
withstand temperatures exceeding 
300°F, remain leakproof at working 
pressures to 3000 psi. 


NYLON—Made from hydrolysis- 
resistant nylon, (Zytel® 2281), 
RB&W plugs assure dependable 
service when continuously exposed 
to hot water or vapor. 


POLYETHYLENE—RB&W polyethyl- 
ene plugs, in two head styles, eco- 
nomically seal threaded openings to 
exclude dirt, contaminants, and 


A For more information, turn to Reader Service card, circle No. 416 


ENGINEERING 


moisture during shipping or han- 
dling. They can be tightened with 
fingers or wrench. 

Send for data sheet which gives 
sizes and other specifications. Write 
Russell, Burdsall & Ward Bolt and 
Nut Company, Port Chester, N. Y. 


du Pont trademark 


117th year 


Plants at: Port Chester, N. Y.; Coraopolis, Pa.; 
Rock Falls, lil; Los Angeles, Calif. Additional 
sales offices at: Ardmore (Phila.), Pa.; Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco, 


For more information, circle No. 484 ¥ 





~ TEAMWORK BEATS SCHEDULE 


| IN MARKETING FIRST CORDLESS DRILL 


DIES DESIGNED AND CASTINGS 
IN THREE WEEKS BY DOEHLER-JARVIS! 


A ‘breakthrough’ product means a race against time. 
Get it in production and on the market while it is still 
“hot” news. 

That was the situation Black and Decker faced in develop- 
ing the first “cordless” electric drill. 

A major time factor—the design and construction of dies 
and the die casting of three major elements of the revo- 
lutionary new product. 

The question put to Doehler-Jarvis—can you design and 
build the dies and deliver aluminum castings for the gear 
case, gear case cover and field case in three weeks? 

The answer—we did it! 

The first delivery of completed castings was made in 
three days less than three weeks. 

This is not a routine situation. But it is an outstanding 
example of how Doehler-Jarvis’ 57 years of leadership in 
die casting can work to your benefit in all circumstances. 
It was the design and engineering skill and experience of 
Doehler-Jarvis, together with their unmatched produc- 





DELIVERED 


tion facilities and know-how which helped Black and 
Decker meet its ultra-tight production schedule. 

But there was more to gain than speed. The die cast parts 
delivered to Black and Decker have the high strength, im- 
pact resistance and abrasion resistance needed to take 
rough handling; they are sound and dimensionally stable 
to permit and maintain close tolerance; and their attrac- 
tive finish adds extra sales value. 

You will find it to your advantage to talk to Doehler- 
Jarvis about die castings for your products. Contact the 


office nearest you. 
VR 


Doehler-Jarvis « 


Division of National Lead Company « Genera! Offices: Toledo 1, Ohio 

Plants and Sales Offices: Toledo, Ohio: Grand Rapids, Michigan; Pottstown, 
Pennsylvania; Batavia, New York 

In Canada: Barber Die Casting Co., Ltd., Hamilton, Ontario 

In Brazil: Industrias Doehler do Brasil, 8S. A., Sao Bernardo do Campo, Sao Paulo, 
In Argentina: Doehler Argentina, S. A., Buenos Aires 


In Great Britain: Metal Castings-Doehler, Ltd., Worcester, England 








SYLVAMIA SHAVES COSTS 
FOR SCHICK-IN PLASTICS, METALS 
AND ASSEMBLIES 


Producing the switch for a compact, 3-speed electric 
razor leaves almost no margin for error. It must be 
precisely built and still withstand the punishing 
abuse of day-to-day handling. 

In making the switch for the new Schick razor shown 
below, Sylvania Parts Division meets these require- 
ments. Our experience with a wide range of ma- 
terials resulted in better electrical contacts. And our 
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facilities assure durable, precision parts and assem- 
blies as well as high-speed production. The combina- 
tion means important economies to Schick. 


For details, see captions at the right. For full informa- 
tion on how Sylvania custom parts facilities can 
benefit you, or for a quote on a specific project you 
have in mind, write Sylvania: Electric Products Inc., 
Parts Division, Warren, Pennsylvania. 








MOLDED FROM PLASTIC are parts for the switch as- 
sembly. Each must meet the tightest specifications. Example: 
Sylvania molds shaft and selector button from nylon, holds 
dimensions on both to a height and diameter of +.0015”. In 
addition, the flash is controlled to 1/32” because the button 
is a snap fit on the shaft. Since Sylvania maintains one of the 
world’s most modern and complete lines of automatic molding 
equipment, it can handle volume orders for compression, in- 
jection and transfer molding. And a unique bank of rotary 
presses can produce millions of precision parts each day— 
even using phenolics and urea. 

Result to Schick? Precisely molded parts—in volume! 


CUSTOM ASSEMBLY by Sylvania of the switch 
assembly is handled by our corps of trained special- 
ists. Many of our customers have found that Sylvania 
can often deliver completely assembled and packaged 
products — using either all Sylvania components or 
a combination of some Sylvania and some customer 
supplied—at lower cost than is possible in the cus- 
tomer’s own facilities. 

Result to Schick? Thousands of completed, durable 
and precision assemblies per month. 


CUSTOM METAL STAMPINGS also proved important to 
Schick. Sylvania recommended changing the selector detent and 
rotor to brass, thus permitting a reduction in thickness from .015” 
to .010” and assuring an improvement in contact from rotor arm to 
detent. Sylvania made the dies necessary to produce these parts. 
The Sylvania metal stamping facility includes multi-slide machines, 
vertical presses and specially developed machines to help solve 
your problems. 

Result to Schick? Positive electrical contacts assured while a 5° offset 
on the selector rotor is maintained to within +1° day in and day out. 





NEED CUSTOM WELDING OR WIRE? Sylvania 





has developed new high-speed, high-volume techniques and advanced welding equipment 
To help you with wire, only Sylvania of all major manufacturers makes all three types of bare wire 
They're available in a full range of sizes, too— .002” to .250”. Where necessary, Sylvania will precision-roll wire into ribbon 
connectors that offer high reliability when the circuitry calls for wire wrap contact methods. 


supplies both. To help you meet your welding needs, Sylvania 
automatic and semiautomatic. 
alloy, clad and plated. 








SUBSIDIARY OF 


N IZ 


GENERAL TELEPHONE & ELECTRONICS ey) 
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THREE NEW 


PHENOLICS 


GENERAL 


G-E 12985 This new General Elec- 


tric compound is the very finest heat- 
resistant phenolic available in its 
cost range. 


12985 retains high flex strength 
after severe heat aging. It has a 
rich, black color which it main- 
tains well on exposure to heat. 
The material has a drop impact 
strength higher than its best com- 
petitor ... equivalent for the first 
time to a general-purpose com- 
pound. 12985 takes a hot, speedy 
preheat and cures rapidly. It has 
excellent machining properties, 
good chemical rela- 
tively low specific gravity (1.58). 
And—it is offered at an attrac- 
tive price. 


resistance, 


SUGGESTED USES: This superb high- 
temperature material is particu- 
larly recommended for handles 
on skillets and cutlery, for appli- 
ance parts, switch and lamp 
parts, knobs, wiring devices, 
miniature parts for use at high 
ambient temperatures. 


FROM 
ELECTRIC 


G-E 12941 A new concept in gen- 
eral-purpose phenolics: a fast-cur- 
ing, ammonia-free, non-bleeding 
black compound. 


This material gives an extremely 
fast, blister-free, cold-powder 
cure. There is no danger of stain- 
ing the mold or tarnishing costly 
silver contacts. Nor is there any 
need to worry about high scrap 
caused by uneven flow. 
Parts produced from 12941 will 
not bleed. 


losses 


SUGGESTED USES: Ideal for small, 
automatically molded parts of 
all kinds: switch parts, contacts 
for wire connectors, closures, 
tube sockets, appliance control 
parts. 


G-E 12942 This new variant of a 
popular general-purpose compound 
offers added impact strength, im- 
proved finish and cure. 


A versatile and easily molded 
compound, 12942 pre-forms well, 
takes a hot preheat, and flows 


smoothly in the mold. Parts made 
of the new compound are smooth, 
rigid, deep-black, and will not 
embrittle during tumble finish- 
ing. It can be used in cold powder 
automatic molding with just a 
slight penalty in cure speed. It is 
not hand staining. 


SUGGESTED USES: General applica- 
tions such as handles, knobs, 
meter case covers, coffee maker 
bases, piano sharps. 


These three new compounds may 
well give you an important ad- 
vantage in processing or prop- 
erties. General Electric offers you 
dozens of standardized phenolic 
compounds, including general 
purpose, heat resistant, shock re- 
sistant, and fast cure phenolics. 
Our Technical Service people will 
be gladtohelp you select the right 
material for your job. For more 
information, write to: General 
Electric Company, Section M- 
561, Chemical Materials Depart- 
ment, Pittsfield, Mass. 


Phenolics-tirst of the modeth 
plasties...tirst th valve 


GENERAL @ ELECTRIC 
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New materials prove ideal in handling 


temperature extremes —350° F. to +750° F. 


Working with two remarkably versatile elasto- 
mers, C/R Sirvene engineers are producing flexi- 
ble molded parts for many vital fuel, lubricating, 
hydraulic and pneumatic systems. One, Viton-A*, 
can be compounded to produce parts that func- 
tion dependably at 600° F., and for short periods 
up to 750° F. The other important feature of Viton 
compounds is their excellent resistance to cor- 
rosive chemicals, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes. 
At the other extreme, C/R compounded Silastic 
LS-53** parts are providing low temperature op- 
eration down to -80° F. They also exhibit excel- 


* DuPont registered trademark 
**Dow-Corning registered trademark 


lent resistance to synthetic and petroleum base 
fluids up to 350° F., and function well in propane 
up to 500° F. For temperatures as low as -350° 
F., C/R recommends Teflon* compounds. 

C/R Sirvene engineers have an intimate knowl- 
edge of these elastomers. They also have perfected 
special techniques in processing which still further 
improve the physical properties of the molded 
parts. If your problem involves high or low tem- 
peratures, close tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys- 
tems, get in touch with us at once. We have the 
skill and the facilities to help you. 


1227 ELSTON AVENUE * CHICAGO 22, ILLINOIS 


Cffices in 55 principal cities. See your telephone book 


In Canada: Chicago Rawhide Mig. Co. of Canada, ltd., Brantiord, Ontario 
Export Sales: Geon international Corp., Great Neck, New York 
C/R Propucts: C/R Shaft & End Face Seals « Sirvis-Conpor mechanical leather cups, 
packings, boots « C/R Non-metallic gears 


For more information, turn to Reader Service card, circle No. 450 
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For advanced fuel...hydraulic...lube systems, 






























































Pe. POSS 40 68x «) 








1 CURON® insulates huge vats 








SES SI etre 


3 REEVECOTE® helps pump the gas in millions of cars 


4 COVERLIGHT-V® forms 
an air house 





Whatever you design 

let REEVES’ imagination help you make it better. 

We’re constantly developing new and improved materials for design applications. 
The latest development in a Reeves fiber, fabric or plastic may well be 

the answer to your problem in materials selection. Specify materials from Reeves... 
See how Reeves makes good things better for you. 


1 multi-cellular plastic foam 

2 self-bonding, non-conductive olefin fiber 

3 diaphragms of Reevecote industria! coated fabric 
4 vinyl-coated nylon fabric 


REET ES TTS 
REEVES 
1071 Avenue of the Americas, New York 18, New York 


For more information turn te Reader Service card, circle No. 457 
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DEEP WELLS,OR SUMPS... 


Rapidayton Pumps by Tait use 
top-quality tube by Wolverine 


To a farmer pumping water from a 100-foot deep well, 
or to the owner of a flood-prone basement, such things 
as quality, stamina and dependability are highly desir- 
able features in the pumps they use. 

That’s why Tait Manufacturing Company, Dayton, 
Ohio is so careful of the components it uses in its 
“Rapidayton” line of submersible and jet water sys- 
tems and basement sump pumps. It’s the reason, too, 
that Tait uses seamless brass and aluminum tubing 
manufactured by Wolverine Tube, Division of Calumet 
& Hecla, Inc. 

For example, to resist corrosion, the critically im- 
portant outer jackets of Rapidayton submersible 
pumps for both shallow and deep well use are formed 
from Wolverine soft annealed 2 and 1 low-leaded brass 
tube. Tait also uses thousands of feet of Wolverine 
half-hard 70-30 brass tube and 3003-H14 drawn 
aluminum tube for riser pipes on its Rapidayton Up- 
right Cellar Drainers. 

If your company uses seamless copper, copper alloy 
or aluminum tubing why not follow the lead of Tait 





and other American manufacturers—specify Wolverine. 
Write, too, for a free copy of the Wolverine Tube- 
manship Book. 


WOLVERINE TUBE 


DIVISION OF 
/ Calumet-« Hecla, Inc. 


DEPT. O, 17258 SOUTHFIELD RD., ALLEN PARK, MICH. 








For more information, circle No. 345 





THE PLASTIC WITH THE RIGHT LEVEL OF 


Starting just pennies above high im 
pact styrene, new Lustran provides a 
balanced combination of light weight, 
superior toughness and rigidity, and 
excellent stability and colorability. 


Check the range of the key properties, 
tensile and impact strengths, of typi 
cal Lustran formulations in the chart 
at right. One formulation will give you 
four times the impact resistance of 
rubber-modified styrene and ten times 
that of general purpose styrene. At 
zero degrees fahrenheit, a %-inch 
thick 24-inch square sheet withstands 
the shock of a 6-pound ball dropped 
48 inches. Lustran also gives excellent 
gloss, abrasion and chemical resist 
ance, and comes in unlimited colors 


Lustran—a unique molecular arrange 
ment of styrene, acrylonitrile and 
butadiene—has been successfully in 
jection molded into parts weighing as 
much as 5 pounds and vacuum 
formed into deep-drawn parts 
weighing up to 11 pounds. If you are 
working on a design where the per 
formance-cost balance is critical, 
write to us describing your require 
ments—or send for Lustran Progress 
Report and complete test data to 
Monsanto Chemical Company, Plas 
tics Division, Department 834, Spring 
field 2, Massachusetts 


*.LUSTRAN: T. M. Mon 


awe 


MONSANTO designer in PLASTICS 
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EFFECTIVE STRENGII Al lhe Rio COST 


CHECK THE RANGE OF KEY PROPERTIES OF TYPICAL LUSTRAN FORMULATIONS: 


PROPERTIES 
Tensile 


Stress at Yieid 
Stress at Failure 
Elongation at Yield 
Elongation at Failure 
Modulus in Tension 


| 
TEST CONDITIONS | UNITS 


MOLDING FORMULATIONS 
210 710 


9,000 

6,800 
3.3 
45** 


420,000 


EXTRUSION* FORMULATIONS 
261 | 761 


6,800 5,100 

6,200 4,500 
2.2 2.5 

25 40 
380,000 


ASTM 


D638-58T 
D638-58T 
D638-58T 
D638-58T 
D638-58T 


impact Strength 


od 2” x ¥2” Bar Mid. (.010” Notch 
Radius 


0256-56 
0256-56 
0256-56 


of notch 
of notch 
of notch 
Izod Ye” x 4 Bar Mid. (.010” 

Notch Radius Ibs D256-56 
Ibs of notch 2 D256-56 
6—0.% 1 0256-56 
| 


of notch 





Ibs of notch 














*Data on Extruded Sheet ‘**Monsanto Test t¥2” x 0.115” Bar-Sheet 


Lustran’s combination of light weight, superior toughness and rigidity, excellent thermal stability, colorability, gloss, and abrasion and chemical resistance 


provides new opportunities for creative industrial design. 


For more information, turn to Reader Service card, circle No. 461 
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NATIONAL CARBON COMPANY @iity" 


registered trade-marks forproductsof | Division of Union Carbide Corporation - 270 Park Avenue, New York 17, New York Bi oy.¥edcdial = 
IN CANADA: Union Carbide Canada Limited, Toronto 


National"’ and ‘Union Carbide” are 


A For more information, turn to Reader Service card, circle No. 449 For more information circle No. 460 > 
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if she takes pride 
in her home— 


give her a kitchen 
of stainless steel 


McLOUTH 
STAINLESS 
ST E EL.—the spotless 


metal for homes and 
home products. 


McLouth Steel Corporation 
Detroit 17, Michigan 






































In designing intricate parts, consider the 


benefits of Teflon as a material. 
Teflon offers : que combination of 
properties unmatched by other plas- 
PLASTICS ties. It possesses the lowest coefficient 
of friction, » best non-stick charac- 
in Design teristics, the most complete chemical 
E ° ° ; tan ( widest useable tem- 
ngineering lable in any 
corro- 
ig; 1t reduces 
space required, weight. 
used in a thousand dif- 
ts and 


ys, gaske 


, and 


In producing intricate Teflon parts, con- 
sider the benefits of Garlock as a supplier. 
Fri rgin powder to finished piece, 

contr I 


Oo assur 


PROPERTY TEFLON (CTFE) TEFLON 





; = 
S sery 


large 


Parts made from Nylon, Delrin”, C.T.F.E., 


Lexan? are also ava 


] | ; 
lock. Le 




















] 


Canadian Div.: Garlock of Canada Ltd. 


Plastics Div.: United States Gasket 
C 

Order from the Garlock 2,000... two 
thousand different styles of Packings, 
Gaskets, Se als, Molded and Extruded 


Rubber, Plastic Products. 


For more information, turn to Reader Service card, circle No. 366 
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Bethlehem makes just 
about every kind of 


STEEL WIRE 


Some 


are general-purpose 


grades; others are made 
for specific applications. 
If you want information 
on steel wire, just mail 
us the coupon below. 


onNCO Wek WH 
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. alloy 

. armor 

. ball 

. bed spring 


bethanized 


. bicycle spoke 

. border 

. bright basic 

. brush handle 

. cable lashing 

. chain link fence 


clean bright 


. clothes pin 

. coat hanger 

. cold-heading 

. core (ACSR) 

. extra smooth clean bright 
. fence 

. foundry core 

. galvanized 

. hog ring 

. hose 


3. link 


mechanical spring 


. pail bail 
. Tivet 
. rope 


“scrapless nut” 


. screw 
. screwdriver 

. shaped 

. spoke 

. staple 

. strap 

. strand 

. telephone 

. tire chain 

. upholstery spring 
. welding 

. wool 


gETHUEHEM 
STEEL 
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BETHLEHEM STEEL 


BET 


Free Wall Chart 


This 18 x 36-in. sheet 
steel wall chart gives dec- 
imal equivalents, wire 
sizes, and gages from 7/0 
to 2434, with correspond- 
ing decimal sizes, lb per 
ft, and ft per lb. For your 
free chart, just fill out 
and mail us the coupon. 


BETHLEHEM 
STEEL 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 
Export Sales: Bethlehem Steel Export Corporation 


For more information, circle No. 408 
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PUBLICATIONS DEPARTMENT 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA. 


Dear Sirs: 


sin 
sess 


gies 





2% 
s,\% 


° were 


for Strength 
... Economy 


..» Versatility 


Please send me information on type of wire circled. 


1 
2 
3 
4 


5 


and 


6 
7 
8 
9 
10 


(] Please send 


Nome 


Firm 


“Table 


of Equivalents” 


36 
37 
38 
39 
40 


wall chart. 








Street 


City 











Electicoh , 


Now is the time for all good’manufacturers to lower lettering costs. 


Now is the time for all good’manufacturers to lower lettering costs. 


Now. with BEETLE® urea plastic, you can mold in multi-colored lettered 
decorations — and save on production costs! By incorporating a resin-im- 
pregnated foil during the molding of keys, dials, levers and knobs, you 
avoid costly after-decoration. There's no scoring, no painting, no silk-screen- 
ing. The pattern is part of the molded Beetle plastic. It won't chip off, scratch 
off or wear off. And you still enjoy these proven Beetle plastic advantages: 
hard, lustrous surfaces; resistance to detergents, oils and grease: good 
electrical properties; heat resistance; unlimited range of color possibilities. 


P.S. Now is the time for all good BUSINESS MACHINE MANUFACTURERS 
to look into BEETLE for lettered decoration. 


ye A 


AMERICAN CYANAMID COMPANY 
Wallingford, 


Connect 
* Minneapolis 


< YAN ANT I ID 
cut. Offices in: Boston + Charlotte + Chicago - 
+ New York + Oakland + Philadelphia + St 


Louis + Seattle - 


PLASTICS AND RESINS DIVISION 
Cincinnati + Cleveland + Dallas + Detroit - Los Angeles 
In Canada: CYANAMID OF CANADA LIMITED, Montreal 
For more information, turn to Reader Service card, circle No. 435 
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Half-circle charge plates for furnaces made of 
Type 430 stainless steel. Outside diameter 
6812"; inside diameter—16"; thickness—%%’. 
Indexing plate for nuclear storage cask. Type 
304. Outside diameter—44%%4"; thickness—2%,’. 
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Type 321 stainless steel segments for cryogenic 
vessels. Inside diameter— 104"; thickness—4'\,,". 





special shapes 
special stainless steels 
for special projects 


P..oducing stainless steel plate, plate products, 
and forgings is our business. Orders often call for 
unusual shapes in stainless plate, shapes that will 
become important components in special projects. 
Whatever the requirement, your confidence in 
Carlson specialists is well placed. 

A Carlson booklet, “Producing Stainless Steels 
... Exclusively,” is now available. Why not write 


for your personal copy today? Plates + Plate Products + Heads * Rings Circles © Flanges * Forgings » Bars and Sheets (No. 1 Finish) 


A For more information, turn to Reader Service card, circle No. 398 









A ring for a missile frame made of Type 17-4 PH*. 


* (trade-mark of ARMCO STEEL CORPORATION) 


126 Marshallton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


For more information, circle No. 373 ¥ 
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FIBERFRAX® CERAMIC FIBER.. 





FIBERFRAX alumina-silica fiber insulation is 
a new class of high temperature material that 
extends the useful range of fibrous insulations 
beyond the limits of mineral wools, glass fibers 
and asbestos. It will not melt below 3200 F 
and can be used continuously at temperatures 
up to 2300 F. It has extremely low thermal 
conductivity, low specific heat, light weight, 
high thermal shock resistance and chemical 
stability. This unusual combination of excel- 
lent properties offers a challenge to the design 
engineer seeking new materials for profitable 
exploitation. 


WIDE RANGE OF APPLICATIONS: A typical, 
highly successful application of FIBERFRAX 
is in lining the combustion chambers of do- 
mestic oil fired furnaces, in which a 4%” thick 
FIBERFRAX paper liner replaces brittle, bulky 
refractories. 


Other applications include linings and insula- 
tion for industrial furnaces and kilns, hot tops 
for metal ingot molds, mechanical cushioning 
and thermal insulation in honeycomb brazing, 
accoustical and thermal insulation for jet en- 
gine test cells, covering for high temperature 
electric cable, insulation for roller shafts in 
annealing and heat-treating furnaces, filters 


Versatile, high temperature material offers 
challenging design opportunities 


for high temperature gases, and a wide variety 
of packings and gaskets. 


MANY FORMS AVAILABLE: The versatility 
of FIBERFRAX fiber is enhanced by the many 
forms in which it is now available. These 
include, 


* Bulk fiber 

* Chopped fiber 
Washed fiber 
Long Staple fiber 
Roving 
Yarn 


Tape 

Paper 

Board 

Block 

Blankets 
Tubing 

Rope Cast Shapes 
Cloth Coating-Cement 


WHERE CAN YOU USE FIBERFRAX: The 
possibilities of the many forms of FIBERFRAX 
in advanced product design and manufactur- 
ing operations are almost limitless. Many are 
as yet unexplored and offer opportunities for 
profitable development. For suggestions that 
you can use and for complete technical data, 
write for a comprehensive bulletin to Dept. 
MD-—91, Ceramic Fiber Project, Refractories 
Div., The Carborundum Co., Niagara Falls, N. Y. 


CARBORUNDUM 
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Have you explored the full design 
potentials of molded polyester-glass? 


Few materials offer the designer so many oppor- 
tunities for product design simplification and cost 
reduction. 


Added to the inherent toughness and strength of 
polyester-glass are good electrical and thermal prop- 
erties, weather resistance—and flame retardance if 
you need it. 


Using advanced molding and machining tech- 
niques, complex shapes and structures can be pro- 
duced to reduce product weight or the number of 
parts, eliminate costly machining or stamping oper- 
ations, simplify product assembly, improve product 


performance, life, or reliability. 


These are the kinds of results our customers are 
achieving. For a few thought-starters—and facts 
NVF polyester-glass products and mold- 
your nearby NVF Sales 


about 
ing services—contact 


Office, or write for our new folder, Dept. KK-9, 
Wilmington, Delaware. 





116 Choices: One Source This is the latest count of the dif- 
ferent plastics and grades NVF can offer in your search 
for the one best material. Add to this total the one special 
grade that can be developed from scratch to meet your 
particular need. This full range of materials is backed by 
complete engineering services . . . from application assist- 
ance up to and including the delivery of 100% usable, 
precision-fabricated parts...in any quantity, on time! 
Call the NVF Sales Office near you. It’s a direct line 
to single-source help on your current materials problem. 











MY Se 


NATIONAL VULCANIZED FIBRE COMPANY 
WitlMIiNGtTon 99, DELAWARE 


In Canada : NATIONAL FIBRE COMPANY OF CANADA, LTD., Toronto 3, Ontario 





€ Fer more information, circle No. 373 A For more information, turn to Reader Service card, circle No. 327 
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ILICOLOGY 


Studes in Sileones 


HOW THESE TIME-TESTED MATERIALS 
CAN WORK FOR YOU 





Do You Control Motion? Restrain, Release It? 
Silicone Fluids Are Helping Rewrite the Rules 


Need a big-muscled spring to fit a pint- 
size space? You can now get a fluid spring 
1/40 the size of an equivalent coil spring. 
Need a hydraulic 


“flat-topped” energy absorption curve be- 


shock absorber with a 


tween minus 60 and plus 500 deg. F.? 
You can now get it. Want the two in one 
unit? You can get that, too. 

[The common denominator of such 
high-performance devices is a series of 


Silicone Fluids. They 


in viscosity from 10 centistokes to 


Union CARBID! 
range 
100,000, with pour points as low as minus 


85 and flash points above 600 deg. F. 


ae ~ “ ~~ 
MILLION POUND CAPACITY. This revolution 
ary, patented 1,000,000-pound Taylor liquid 
spring utilizing the precisely known compressi- 
bility Silicone Oil 
be the spring ever produced in a 
single it « 


largest locomotives. On 


f Unton Cansipt is said to 
highe st force 
Only 
me the 
smallest liquid spring. Be side 
ilmost the big 


viding only 10 tons of force 


unit 1 foot in diameter, ould 


support three toy 
of it sits 


it is a k 


Tavlor 


comotive coil spring of 


spring s size but pl 


COMPRESSIBILITY 
PLUS STABILITY 


Two of silicone fluids’ outstanding prop- 
erties contribute greatly to their growing 
usefulness in a variety of hydraulic de- 
vices including springs shock absorbers, 
torque convertors, dash pots, valve lifters, 


many more. These are compressibility — 


For more information, turn to Reader Service card, 


the highest known for polymeric fluids 
combined with stability at temperature 
extremes. 

The per cent compressibility of UN1oN 
CarBIvDE L-45 and L-527 Silicone Fluids, 
compared to conventional mineral oil, is 
shown in the accompanying chart. The 


viscosity coetticient 


(1 V210°F. 
V100°F 


viscosity of 100 ctsk. is 0.63. 


temperature 


L-45 with nominal 


NAME YOUR OWN SPRING RATE 


Taylor Devices, Inc., of North Tona- 
wanda, N. Y., is one of the companies 
adapting these highly useful qualities to 
hydraulic equipment. In tension and 
compression devices, for example, using 
a stepped tubular piston design and L-45 
fluid, they achieve virtually any desired 
spring rate and force, within a compact, 
structurally stable mechanism 

Again, in spring-shock absorbers where 
high mechanical energy is converted to 
heat energy, Taylor Devices find UNion 
CARBIDE Silicone Fluids greatly extend 
the useful work range of the units 


Among the jobs such devices are per- 








PSi-1000'S 


+ 








COMPRESSION 


Compressibility of UN1on ¢ 
Silicone Fluids vs. Mineral Oil 


: * 
PER CENT 


ANBIDE 


circle 


forming are: Scram-rod cushions in nu- 
clear reactors, taking impact loads on air- 
craft arresting hooks, cushioning aircraft 
radar antennas. In addition, they arrest 
circuit breaker mechanisms at interrup- 
tion, stop rolls of paper on paper ma- 
chines, and control feed rate of electrodes 


on electric furnaces. 


R AND D TO HELP YOU 


If you design hydraulic equipment for 
Sili- 
has a wealth of technical 


tough duty, your Union CarsBIDE 
cones Man 
know-how on the ways Silicone Fluids 
can help you obtain outstanding perform- 
ance. Behind him are the vast experience 
and research of Union Carbide Corpora- 
tion in virtually every field of industry 
We invite you to send at once for our 
comprehensive “Design File” on Union 
CARBIDE Silicone Fluids for Mechanical 
Applications. It gives you in one handy 
package just about all you need to know 
about silicone fluids for your design re- 
quirements Mail the coupon today. 


UNION 
CARBIDE 


SILICONES 


Union Carsipe is a registered trade mark of 


Union Carbide Corporation. 


Silicones Division 

Union Carbide Corporation 

Dept. 1M-4106, 30-20 Thomson Avenue 
Long Island City 1, N. Y. 


In Canada: Union Carbide Canada Limited, 
Bakelite Division, Toronto 12. 


Please send me free the “Design File” on 
Union Carbide Silicone Fluids for Mechan- 
ical Applications. 


NAME 
Iiree 
COMPANY 
ADDRESS 
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TRANSISTORS—Shown here in magni- 
fication is a Mesa transistor with fine 
gold wire. Handy & Harman manufac- 
tures this whisker wire to exact toler- 
ances and highest purity standards. The 
cap is gold plated from Handy & Har- 
man fine gold anodes. Photo courtesy of 
Western Electric. 


ah. A 


CAPACITOR CANS —These tantalum 
electrolytic capacitors are completely 
leaktight and highly resistant to corro- 
sion. The containers that are also used to 
seal the liquid and internals are drawn 
from Handy & Harman fine silver sheet. 
Photo courtesy of Fansteel Metallurgical 
Corporation, North Chicago, III. 


AND COME WHAT MAY 


...just a few of the jobs involving 
HANDY & HARMAN precious metals 


Handy & Harman’s effectiveness in supplying the semiconductor 
and related fields is based on long experience with precious metals, 
coupled with our interest and ability in working closely with 
designers, engineers and manufacturers in the electrical and elec- 
tronics industries. 

These few examples are indicative of our continuing and expand- 
ing activities in furnishing precious metals: gold and silver and 
their alloys in wire, strip and foil; silver powders, flake and paint; 
silver bimetals; silver sintered metals; anodes, etc. The “etc.” is 
our invitation to you to send us any questions you may have 
regarding the applicability of precious metals in your products or 
processes. 

Would you like further information on these and others of our 
precious-metals products? Our Technical Bulletins contain a wealth 
of information and are yours for the asking: 

IE 6 evvvivtwe 
MS vcece 


Fine Silver A-4 ... Silver Conductive Coatings 

A-5 . Silver Powder and Flake 
Silver-Magnesium-Nickel 25 .. Vacuum Tube Grade Brazing 
Alloys 


Silver-Copper Alloys 


Your No. 1 Source of Supply and Authority on Precious Metals 


HANDY & HARMAN 


General Offices: 850 Third Avenue, New York 22, N. Y. 
Offices and Plants: Bridgeport, Conn. + Chicago, Ill. + Cleveland, Ohio 
Dallas, Texas « Detroit, Mich. * Los Angeles, Calif. +» Providence, R. I. 
Toronto, Ontario + Montreal, Quebec 





CAPACITORS — Electrodes in these solid- 
state porcelain capacitors are formed 
from silver paste derived from Handy & 
Harman silver flake. Other types of 
capacitors for high-temperature appli- 
cations have lead wires of Handy & 
Harman Consil 998, a nickel-bearing 
alloy. Photo courtesy of Vitramon, Incor- 
porated, Bridgeport, Conn. 





For more information, turn to Reader Service card, circle No. 382 
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... AT A GLANCE 


Three refractories withstood a Mach 2 jet for 2 min in a recent test with a 
stagnation temperature of 380° F. They are silicon carbide—silicon, chromium—28 % 
alumina cermet, and titanium boride—5% boron carbide, three of 22 refractory 
materials investigated for missile and reentry vehicle requirements. The test con- 
sisted of four 30-sec exposures; specimens were evaluated for deterioration caused 
mainly by oxidation, 


Source: Technical Note D-906, National Aeronautic and Space Administration, Washington, D. C. 


Two nontoxic rust preventives are as effective as red lead and other common 
inhibitors, a recent study shows. The chemicals, calcium and zinc molybdates, are 
white in color and should be useful in piping and containers for food and drinking 
water. 


Source: Battelle Memorial Institute, 505 Kings Ave., Columbus 1, Ohio 


Lightweight, rigid insulating linings for use to 2300 F—or higher for a limited 
time—have been developed for ducts, pressure vessels, molten metal systems and 
induction furnaces. They are tubes made of laminated ceramic fiber papers, called 
Fiberfrax, and are variously processed for mechanical or thermal shock or surface 
compressibility. 


Source: The Carborundum Co., Refractories Div., Perth Amb« N. J. 


Pearlitic malleable iron has been accepted for 81-mm shell bodies, replacing 
steel forgings. Acceptance of the castings has resulted from improvements in quality 
control: more uniformity between melts, closer dimensional control, and ultrasonic 
inspection for soundness. Malleable iron can be machined more easily and has a 
better shrapnel effect. 


Source: Malleable Founders Soc., 781 Union Commerce Bidg., Cleveland 14, Ohio. 


A one-piece gas turbine diaphragm has been investment cast. Compared to 
the current practice of fabricating diaphragms from individual rings and vanes, 
this unique construction is reported to allow cost reduction, greater design flexi- 
bility and a broader selection of alloys. 

Source: Austenal Co., 230 Park Ave., New York, N. Y 


A technique for high-strength bonding of metal to glass has come out of recent 
development efforts on aircraft windshields. Loads up to 3300 lb per linear inch 
of bond line at room temperature (and 500 lb at 500 F) have been held by Metlbond 
302 adhesive joining Corning Code 1723 glass to Kovar side members. Transmitting 
tensile loads to glazing through this type of configuration is a controversial design 
concept. 


Source: Corning Glass Works, Corning, N. Y. 


An air melted cobalt alloy may beat vacuum melted nickel alloys for some 
high temperature applications, recent stress rupture data indicate. In the range of 
1800 to 2000 F, air melted WI-52 is claimed to come close enough in strength to 
vacuum melted nickel alloys that it deserves serious attention because of its lower 
cost and excellent casting characteristics. 


Source: Waimet Alloys Co., 5320 Oakman Blvd., Dearborn 2, Mich. 
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Equipment parts are better and 
materials engineering improved 
by the powder metallurgy process 


Powder Metallurgy can be the means by 
which your product, and your production 
costs, can be vastly improved. 

Hoeganaes manufactures iron powders 
and high alloy powders. We sell and service 
the metal powdered parts fabricators . . . the 
men you should know. 


May we send you literature? Or better 


yet, contact your metal powdered parts — 


fabricator. 
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Another example of product 
improvement. This barbecue port 
was fabricated by Metal Ceramics 
Company, Melrose Park, Illinois. 
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Ultra 
High 
Pressures 
Create 
New 
Materials 


by Donald Peckner, 
Associate Editor, 
Materials in 

Design Engineering 


The advent Of the synthetic diamond signalled the emergence of a new and 


exciting tool 


ultra high pressures ranging as high as 3,000,000 psi. 


Prac- 


tical applications are few at present, but in the future you can look for new 
materials...improved properties... perhaps even a whole new periodic table. 


@ Is it possible for man to squeeze 
an atom so hard that its outer- 
most electrons are forced into va- 
cant inner shells? 

There is plenty of evidence to 
suggest that it is not only possible 
but is actually being done in a 
number of laboratories today. So 
far no one has succeeded in mak- 
ing such changes irreversible and 
thus of practical use, but the pos- 
sibilities are a heady draught. 

For all practical purposes, a new 
periodic table would be created. 
The ordinary chemical and physi- 
cal properties of the elements 
would be so changed as to be un- 
recognizable, according to Dr. 
H. T. Hali, a leading investigator 
of high pressure phenomena. 


€ For more information, circle No 404 


How much pressure? 

This is only one possible result 
of widespread work now being 
done on the effects of ultra high 
pressures on materials. There are 
many others of interest to engi- 
neers. 

But first, what kind of pres- 
sures are we talking about? 

Some researchers have reported 
pressures up to 400,000 atm, i.e., 
almost 6,000,000 psi. This is equiv- 
alent to the pressure that would 
be exerted by a granite column 
800 miles high—more than 7500 
times the height of the Washing- 
ton Monument. 

Such pressure is far beyond any 
that man has ever achieved be- 
fore. But it is still a gentle 


squeeze next to the 3,000,000 atm 
of pressure at the center of the 
earth (see Fig 1), and hardly 
worth noticing next to the 100,- 
000,000,000 atm at the center of 
the sun. 

Further work may narrow the 
gap between man-made and nat- 
ural forces to some small extent. 
But at the moment the most prom- 
ising applications for ultra high 
pressures seem to lie well within 
the range of pressures presently 
obtainable. Most of the men inter- 
viewed for this article felt that 
the bulk of industrial applications 
would fall in the 25,000 to 50,000 
atm range, i.e., about 370,000 to 
730,000 psi. 

(continued on next page) 
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Most high pressure applications 
also need ultra high temperatures. 
Much of the work reported in this 
article uses temperatures ranging 
up to 3500 F or higher. 


The four major uses 


From a materials standpoint, 
the potential benefits of ultra high 
pressure technology seem to fall 
into four main categories: 

New materials—Combining ul- 
tra high pressures and tempera 
tures has already led to a number 
of new materials, most notably the 
cubic form of boron nitride called 
Borazon. The possibility of dras 
tic additions to the periodic table 
was mentioned at the beginning 
of this article. Fig 2 shows that 
two-thirds of the elements have 
“empty” inner orbits which can 
accommodate outermost electrons 
that are forced inward under 
pressure 

New phases Although a ma 
terial may have only one phase 
under normal pressure, it may re- 
veal several under high pressures 
Bismuth, for example, has only 
one phase at atmospheric pressure, 
but seven others occur at pres 
sures up to 90,000 atm. So it is 
possible that ultra high pressures, 
with or without heat treatment, 
may develop new phases of ele 
ments and compounds having 
hitherto unobtainable properties 


A related effort to produce 
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1—Terrestrial pressures range from 
zero at the top of the atmosphere té 
3,000,000 atm (44,000,000 psi) at the 


center of the earth. 


synthetically known phases hith- 


erto available only in natural 
Graphite has already 


transformed into diamond 


products. 
been 
Many other minerals, less impor- 
tant to than to re- 


searchers, have also been synthe 


engineers 


sized 
Bette) 


inhibit 


High pres- 
growth and 


properties 


sures grain 


promote uniform heat treatment 


in metals. Subjecting materials to 


ultra high pressures at either 



















































































2 Periodic table hou 


elements that pote? tially can have outer electrons 


forced into “empty” inner orbits. Entirely new physical and chemical proper- 


fies wu ould be de ve loped. Unafhe cted elements are shaded. 
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room or elevated temperature may 
significantly such me- 
chanical properties as fatigue 
strength, yield strength, ductility 
and creep resistance. 

Denser Using high 
pressures in combined hot press- 
ing and sintering may produce 
powder compacts only a few tenths 
of a percent less dense than the 
theoretical maximum. This is a 
natural area for the metallurgist 
and the ceramist to investigate. 

In the next section of this ar- 
ticle we will look briefly at what 
these 


increase 


materials 


has been accomplished in 
areas. 
Economics and the future 

The future importance of high 
pressure technology in the materi- 
als field is hard to estimate. It de- 
pends not only on the results of 
basic research now under way but 
also on the ingenuity of those who 
are developing equipment to gen- 
erate ultra high pressures. 

So far, much of the work has 
been done on very small specimens 

cylinders about 14 in. high. New 
presses in the offing promise to 
increase specimen length to as 
much as 20 in. But there is no 
solution yet to the problem of ap- 
plying such pressures on a contin- 
uous rather than batch basis. 

More fundamental is the prob- 
lem of reversibility. Much depends 
on whether important changes 
that occur under pressure can be 
made irreversible. 

Still other problems are of a 
more technical nature. In partic- 
ular, more accurate measurement 
of pressure and temperature will 
be needed if the data obtained in 
one investigation are to have any 
meaning in the next. 

At present, it is safe to say that 
the cost of generating ultra high 
pressures is sufficiently high, and 
facilities sufficiently scarce, that 
the process is suitable only for 
low volume applications where the 
results achieved are almost “price- 
less.” So far, synthetic diamond 
is still the only important com- 
mercial application. But chances 
are this hard stone is only the 
first tiny step for a truly new en- 


gineering tool. 





Here is what has been done 


To catalog here the full range 
of high pressure experiments 
would be impossible. But follow- 
ing are the highlights of what has 
been done in the way of creating 
new materials and phases, as well 
as changing the properties of ma- 
terials. 

Although most of the discussion 
with inor- 
ganic materials are being inten- 


Is concerned metals, 
sively investigated by geophysi- 
cists who are interested in finding 
out how various minerals were 
formed. And organic chemists are 
just beginning to work on the 
effect of ultra high pressures on 
both the synthesis of new materi- 
rates of 


als and the reaction 


chemical processes. 


Five new materials 
materials, 
Borazon, 
ready been mentioned. Here are a 
few details on these and three 


Two new synthetic 


diamond and have al- 


others: 

1. Diamond Electric 
Co. announced the synthesis of 
diamond in 1955. Since then many 
other have dupli- 
cated this achievement. 

In addition to high 


General 


investigators 


pressure 


Temperature, F 


and temperature, a metal catalyst 
such as nickel is required. With 
laboratory-scale equipment, only 
1 min at the proper combination 
of. pressure and tempreature is 
needed to form diamonds such as 
those shown in Fig 3. 

Although man-made diamonds 
are aS expensive as natural ones, 
they can be made more angular, 
and therefore more efficient as 
abrasives. Current work is _ in 
three directions: 
increasing size, and creating ex- 


lowering cost, 


tremely pure diamonds for use as 
semiconductors. 

2. Borazon—Also developed by 
Gk investigators, this material is 
a cubic form of boron nitride. It 
scratches diamond, retains its 
hardness at temperatures higher 
than those at which diamond is 
stable, and does not burn in oxy- 
gen, Borazon was first announced 
in 1957. 

3. Coesite 
lica that had not been previously 
nature, coesite was 
synthesized in 1953 by Lauren 
Coes, of The Norton Co. The new 
mineral has a specific gravity of 


A dense form of si- 


observed in 


2.90, compared to 2.65 for quartz 
Although it has no commercial ap- 





| 

| 

| 
SS, EE ae 





+ 
-4 


a 
wo 


Corbon, wt % 


4—Three-dimensional iron-carbon diagram shows how pressure lowers the 
eutectic temperature and shifts the eutectic point to lower carbon content. 
Adapted from H 4 and 7 


PRs ee 


Courtesy Dr. W. G. Field 
3—Single crystals of diamond. 


plication at present, it holds some 
promise because it is less reactive 
than normal quartz and is not at- 
tacked even after long heating in 
hydrofluoric acid. 

Since Coes’ work, coesite has 
been found in locales that had at 
one time or another been sub- 
simultaneously to high 
pressures and temperatures, not- 
ably meteor impact sites and nu- 
clear test sites. A good example is 
Meteor Crater, south of Rimmy 
Jims, Ariz. 

4. Molybdenum This 
material (MoC) has been synthe- 
sized by Manufacturing Labora- 
tories, Inc. It has potentially in- 
teresting properties but data are 


jected 


car bide 


not yet available. 

5. Tantalum nitride—A new 
cubic form of tantalum nitride 
(TaN) has been created at the 
Army Signal Corps’ Research and 
Development Laboratory. The ma- 
terial has superior chemical and 
thermal properties compared to 
the normal hexagonal structured 
tantalum nitride. 

Although synthesis of new ma- 
terials is an important aim of 
high pressure technology, diamond 
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is the only achievement so far that 
has proved its commercial value. 
The field is still wide open. In the 
area of abrasives, where high 
pressure technology has made its 
principal contribution so far, 
there remains an interesting gap 
between diamond and silicon car- 
bide (the latter half as hard as 
diamond). To fill that gap is one 
aim of researchers today. 


Phase transformations 


phase transformations 
have been studied. The results 
show that ultra high pressures 
may lead to simpler heat 
ments and extensions of known 
alloy systems. 

Three 
cial interest to metallurgists: 
Pres- 


Many 


treat- 


transformations of spe- 

1. lron-carbon diagram 
sure radically affects the iron-car- 
diagram. 
atmospheric to 
(870,000 


bon phase Increasing 
pressure from 
about 60,000 atm 
lowers the eutectic temperature 
from 1335 F to 1076 F and shifts 
the eutectic point from 0.83% car- 
bon to approximately 0.18% (see 
Fig 4). These changes are revers- 


psi) 


TABLE 1—ROCKWELL C HARDNESS 
AND GRAIN SIZE: 1 ATM VS 
100,000 ATM HEAT TREATMENT 





Austeni 1 atm 100,000 atm 
tizing 


Temp, F 


2000 61.5 | 63 | NV» 61.5 | 63 

2300 65.5 | 66; 11 | 64 | 66 

2400 62 | 64 3} 66 63.5 
2500 . 60 

2600 60 3 


*T5 high speed steel. Key: Q—quenched hard- 
ness; T—hardness after tempering at 900 F; 
G—grain size 
"Not visible 
Source: E. W 
59-74-7 
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Goliber, et al 


TABLE 2—EFFECT OF 10,000 ATM 
PRESSURE ON SIX METALS* 





Rigidity 
Change, 
a % 


Compressi 
bility 
Change, % 





Steel +-2.2 + 7.2 
Tungsten -0.3 + 88 
Tantalum +0.3 to +-1.5 + Ll 
Molybdenum +0.15 + 6.9 
Platinum +2.4 +-10.0 
Nickel +18 + 79 
*Actually 10 kilobars pressure. 


Source: P. W. Bridgman, The Physics of High 
Preseure, Bell and Sons, "52, p 385. 
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ible, but someday they could mean 
simpler, lower temperature heat 
treatment of steel. 

2. Martensite-austenite—Pres- 
sure lowers the temperature at 
which martensite begins to form 
on quenching (M,) and the tem- 
perature at which austenite be- 
gins to form on heating (A,). 

3. Gamma loop—Pressure ex- 
tends the gamma loop in the phase 
diagrams of iron-chromium, iron- 
aluminum and iron-silicon alloys. 
With iron chromium, for example, 
the loop shifts from 12% chro- 
mium to 20% at about 100,000 
atm pressure. Thus the range of 
heat treatable alloys in existing 
alloy systems can be extended. 


Increasing cohesion 


In general, the broad effects of 
pressure and temperature are dia 
metric opposites. Temperature in- 


creases the distance between 


atoms; decreases it. 
Thus, to obtain many reactions it 


is necessary to use ultra high tem- 


pressure 


peratures to compensate for the 
slowdown in reaction rates result- 
ing from the ultra high pressure. 

Here are the results of four ex- 
periments, the majority of which 
illustrate how reactions can be re- 
tarded by ultra high pressure: 

1. Grain growth Austenitiz 
ing a high speed tov! steel under 
100,000 atm pressure raised the 
grain growth threshold 
100 °F (see Table 1). 

Grain growth is a problem in 
such steels. In this case composi- 
tion was: 0.77 C, 18.5 W, 4.5 Cr, 
2 V. 1 Mo, 9 Co. Because the alloy 
carbides are relatively insoluble in 
austenite, specified austenitizing 
temperatures are close to the melt- 
ing point of some phases. 

In addition to less grain growth, 
General Electric investigators 
found that pressure treatment 
produced a microstructure’ in 
which the carbides were more 
uniformly distributed, with less 
coalescence at the 


at least 


evidence of 
grain boundaries. Pressure treat- 
ment had little effect on hardness. 

2. Tempered hardness—Apply- 
ing high pressure during the tem- 
pering of quenched iron-carbon 
alloys strongly retarded the ex- 
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Hardness, Vin 





Temperature, F 


§5—Difference between hardness at 
50,000 atm and 1 atm for an iron— 
041% carbon alloy. All specimens 
tempered for 30 min. 

Manufacturing Laboratories, Ir 
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Melting Point, F 








20 60 80 100 

Pressure, |OOO atm 
6—Melting curves of various mate- 
rials. W. G. Field 


pected fall in hardness for tem- 
pering temperatures above 212 F, 
investigators at 
Manufacturing Laboratories, Inc. 
The maximum pressure effect oc- 
curred in the 390 to 570 F range 
Pressure had little 
effect for tempering temperatures 
below 212 F or above 930 F. 

The temperature range in which 
the greatest hardness difference 
occurred is identical with the 
“blue brittle’ range observed 
when tempering under normal at- 
mospheric pressure. 

3. Rigidity—Dr. P. W. Bridg- 
man found that high pressures in- 
crease rigidity and, to an even 
greater extent, compressibility 
(see Table 2). The effect on mod- 
ulus of elasticity lies somewhere 
between these two effects. 

The changes are significant 
since they developed after pres- 
sure was released. 

4. Melting point—As a general 
rule, high pressures increase melt- 
ing points (see Fig 6). Many high 
pressure experiments have gone 
beyond the normal melting points 
of the chamber and thermocouple 
materials. 


according to 


see Fig. 5). 





Presses, pressures and problems 


As indicated earlier, the fu- 
ture of high pressure technology 
hinges to a considerable extent on 
advances in the design of ma- 
chines. Already a vast new area of 
pressure and iemperature has 
been opened up, as Fig 7 indi- 
cates. But, although the pressures 
presently obtainable appear to be 
high enough for most practical 
applications, the forms and sizes 
of materials that can be processed 
are severely limited (see Fig 8) 





New area 





Pressure, |OOO atm 








4 66 8 

Temp, |OO0O F 
7—Belt apparatus has extended the 
pressure and temperature range. 
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h Pre 


Let’s take a closer look at what 
can be done today and in the im- 
mediate future. 


Research vs industrial 


First, it will be helpful to dis- 
tinguish between research efforts 
and that work which is directed 
toward commercial application. 
Much research is being done at 
pressures of 100,000 atm and 
above. Cutting pressure back to 
about 50,000 atm offers a number 
of advantages: 

1. It increases by four or five 
times the volume of material that 
can be treated. 

2. It makes 
ple piston-cylinder 


feasible a sim- 
arrangement 
which lowers production expenses. 

3. It drastically reduces cali- 
bration problems. 

Nonetheless, the size of speci- 
men or part that can be produced 
by a piston-cylinder device ap- 
pears to be limited; scaling up 
presses and dies to commercial 
size would be difficult. More prom- 
ising for commercial application 
are devices utilizing the newer 
tetrahedral concept. 


The piston-cylinder concept 


Though its future as a produc- 
tion tool appears limited, the pis- 
ton-cylinder concept developed by 


Hardened steel 
binding ring 
+ 


Corboloy semi- piston 





Soft stee! 
sofety ring 


Pyrophyllite 
Pressure oh 


/= \ \ 7 
Pyrophyilite Carboloy \ / 
Steel binding ring 





9—Exploded view of the belt appa- 


ratus, R. E. Hoffman, et al.) 


Hall (see Fig 9) is the one cur- 
rently used to manufacture dia- 
mond, the only commercial product 
of high pressure technology. 
Known as the “belt” apparatus 
because of the hardened steel 
binding rings supporting the car- 
bide anvils, it is a descendant of 
Bridgman’s original piston and 
anvil, Two conical carboloy pis- 
tons, one on each side, thrust into 
a special carboloy chamber. Pres- 
sure is transmitted to the speci- 
men by pyrophyllite in the die. 
The device used by GE can pro- 
duce 100,000 atm at 4900 F; with 
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Prismatic- 
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Rectangular 
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8—Size of specimen is related to pressure level and type of apparatus used. Sizes here are based on using 50% of 


available chamber volume, 


(Engineering Supervision Co.) 
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Nationa! Bureau of Standards 


10—View of pyrophyllite tetrahedron assembly. Note how tetrahedron is 


machined to allow cylindrical sheath 


(center foreground) to be inserted. Speci- 


men is inserted in hole in cylinder (0.12 in. dia. 0.2 in. long). Metal tabs on 
each side of cylinder are electrical leads for resistance heating. 


8 
Seal retainer plate ] 
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Pressure transmitting Split cylinder 
plate segment sieeve 


Rubber or simiior 


Cylinder odjusters 
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Split 
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segment 


Pressure transmitting 
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Section 8-8 


11—Cross section of prismatic device which can apply up to 100,000, atm 
; Ynecr . 9 . 
pressure on a specimen approximately 6-in. high. Spectmens up to 20 m. long 


may be produced, 


Bridgman the Pioneer 


Today’s research on ultra high 
pressures rests heavily on pio- 
neering work begun by Dr. P. 
W. Bridgman as early as 1909. 
It was he who developed the 
principle of “massive support” 
—the use of a mass of material 
behind the anvil faces to absorb 
and disperse the tremendous 
compressive forces. It was also 
he who conceived the idea of 
using a gasketing material that 
is squeezed out as pressure 1S 
applied to form a solid reta‘n- 
ing ring around the anvil tips, 
thus keeping the specimen be- 
tween the dies, 

Dr. Bridgman worked almost 
alone in this field. In 1946 his 
work won for him the Nobel 
Prize for Physics. He can truly 
be regarded as the “father” of 
high pressure technology. 
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Somple 


ngineering perv 


Pipestone gosket 


—Anvil face 


Bridgman anvils show princi- 
ple of massive support. Large 
mass of supporting ring absorbs 


pressure generated at anvil face. 
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some modifications it can reach 
160,000 atm at 6300 F. 

Because of the military value 
of man-made diamonds a secrecy 
lid was clamped on the “belt” ap- 
paratus; details were released 
only a short time ago. Apparently, 
workers at the Institute for High 
Pressure Research in Moscow in- 
dependently developed the same 
concept since they reported on 
similar apparatus at the 1960 
Conference on Very High Pres- 
sure held in Bolton Landing, N. Y. 

Secrecy about apparatus plus 
the knowledge that diamonds had 
been synthesized catalyzed Amer- 
ican scientists to produce many 
modifications of the piston-cylin- 
der concept. For example: 
> Dr. A. A. Giardini, of the Army 
Signal Corps’ Research and De 
velopment Laboratory, developed 
a supported piston device that op- 
hydraulic press. His 
apparatus applies pressures of up 


erates in 


to 100,000 atm on a small speci- 
men, 0.5 by 0.4 in., at temperatures 
up to 5400 F. With it he has made 
both diamond and Borazon. 

> Coes used a piston-cylinder de- 
vice to synthesize coesite, a dense 
form of silica. Most geophysicists 
use a similar device. 


The tetrahedral anvil 

The tetrahedral 
developed by Hall, has served as 
a starting point for many modifi- 
cations. A _ tetrahedral device, 
7.5 ft high, is shown on 
p 110. Four hydraulic rams apply 
pressure to a pyrophyllite tetra- 
hedron measuring 1 in. on the 
edge (see Fig 10) which contains 
a conductive sleeve that is resist- 
ance heated to develop high tem- 
peratures when desired. The ma- 
terial to be treated fits into the 
sleeve and is limited to 0.2-in. dia 
and 0.7-in. length. When pressure 
is applied excess pyrophyllite flows 
out to form a seal. 

Among the modifications: 
> A cubic anvil that is squeezed 
by six hydraulic rams, developed 
by Engineering Supervision Co 
Theoretically any shape of anvil 
can be developed, but practical 
problems in positioning make the 
cube today’s geometric limit. 


concept, also 


standing 





articulated frame, 
also developed by Engineering 
Supervision, reduces the floor 
space required by the tetrahedral 
device and permits easier align- 
ment of the anvils. 

>» A radial press that will develop 
pressures up to 200,000 atm on a 
6-cu in. volume. It will be intro- 
duced soon by Harwood Engineer- 
ing Co. 

Probably most significant of the 
modifications, however, is the 
prismatic anvil developed by En- 
gineering Supervision (see Fig 
11). The developers say it will 
produce pressures up to 100,000 
atm on a triangular cross section 
up to 20 in. long. A rectangular 
cross section can also be used. 
Thus, for the first time, long spec- 
imens and parts may be feasible. 


> A_ hinged, 


Measurement problems 


It is quite probable that most 
of the pressures and temperatures 
that have been reported in con- 
nection with high pressure re- 
search are in error. The main rea- 
son is difficulties in measurement. 

Pressure—Fortunately, one ma- 
jor problem of special interest to 
engineers has been solved: the 
matter of units. In this article we 
have used only “atmospheres” 
(“atm”) and occasionally “psi” 
because these are widely used and 
easily visualized by engineers. 
But many other units have been 
used in the literature. To stand- 
ardize this area of the field, at 
least, the 1960 Conference on 
Very High Pressure voted to 
adopt “bar” and “kilobar” units 
exclusively. Table 3 shows how 
these meteorological units are re- 


TABLE 3—PRESSURE CONVERSION 


| 


Unit > Normal) Kg el 
+ Bars | Atm | Sq.cm | Psi 


| 








1 Bar (10° 
dyne 
sq cm) 

1 Normal 
Atm 1.0132 | 1. 1.0332 | 14.6960 

1 Kg/Sq Cm | 0.9807 | 0.9678 | 1 14.2234 

10 Psi 0.6895 | 0.6805 | 0.7031 | 10 


Source: Progress In Very High Pressure Re- 
search, John Wiley & Sons, ’61, p 314. 


| 


0.9869 | 1.0197 | 14.5038 








lated to the more familiar engi- 
neering units. Note that 1 atm is 
only 1.3% greater than 1 bar; 
thus the figure of 100,000 atm 
mentioned several times in this 
article is roughly equivalent to 
100 kb. 

The problem in measuring pres- 
sure has been to devise a way to 
measure some reproducible physi- 
cal property of the solid used as 
the pressure transmitting medi- 
um. Since volume changes are 
hard to measure, most research- 
ers in this field measure resist- 
ance changes. Data based on vol- 
ume changes above 30 kb are un- 
likely to agree with data based on 
resistance changes. 

As high pressure is applied to 
a material, transitions from one 
phase to another are indicated by 
abrupt changes in resistance. One 
such transition point—the 80 kb 
point for barium—was used for 
calibration of high pressure de 
vices prior to 1960. Recent work 
indicates that this transition actu- 
ally occurs not at 80 kb but at 
59 kb. So, much of the early high 
pressure data is probably in error 
by about 35% at the 80-kb point. 
The error decreases as pressure is 
reduced to 30 kb. 

Since definitive standards for 
measuring pressure have not been 
developed, today’s researchers feel 
it is important to report exact de- 
tails of their experiments so that 
their data can be adjusted and re- 
tain its value in the future. 


Temperature—The errors in 
present temperature data have a 
simple origin: no one _ really 
knows how ultra high pressures 
affect thermocouple materials. 
Therefore, once a desirable result 
has been achieved the temperature 
problem is “solved” by reproduc- 
ing all conditions of the experi- 
ment, The exact temperature re- 
mains a matter for conjecture 
and, hopefully, tomorrow’s prog- 
ress in measurement. 


Physical properties—Measuring 
various physical properties at high 
pressures by techniques such as 
x-ray, optical, spectroscopic, etc., 
presents severe problems that still 
must be solved. 
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1 Evaporator setup for vacuum depositing pure gold on component substrate. 


@ Ever since the first develop- 
ment of electronics, engineers 
have been constantly striving to 
make components smaller and 
more reliable. This quest has been 
greatly intensified in recent years 
because of special space age 
requirements. In general, micro- 
miniaturization can be accom- 
plished in three ways: 

1. Radical packaging techniques 
using standard miniaturized com- 
ponents. 

2. Use of molecular electronics 
to produce a complete circuit on 
the surface of a single wafer of 
semiconductor material (see “Tai- 
lor-Made Materials Replace Elec- 
tronic Components,” M/DE, Mar 
60, p 12). 

3. Micromodules using thin-film 
electronic components and stacked 
wafers. 

In this article we shall confine 
our attention to the third 
approach only and show how— 
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through the use of thin films 
supported by flat wafers—it is 
now possible to obtain component 
densities as high as 500,000 com- 
ponents per cu ft. 


High vacuum evaporation 
is the most effective way to 
apply a wide variety of thin 
films for electronic components. 

Thin-film electronic components 
can be successfully applied to 
micromodule wafers by: 1) phys- 
ical methods such as cathode 
sputtering or high vacuum evapo- 
ration; 2) chemical methods such 
as reduction or electrodeposition ; 
and 3) mechanical methods such 
as spraying, rolling or silk 
screening. Of these, high vacuum 
evaporation (Fig 1) appears to be 
the most effective and versatile 
method. 


How components are made 
Thin-film electronic components 
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Thin-Film 


Parts of many different ma- 
terials can be produced by 
vacuum evaporation. Here 
is an up-to-date report on 
how this technique is mak- 
ing possible an entire new 


family of subminiature 


parts, and thus high den- 
sity electronic assemblies. 


are produced by a variation of the 
vacuum wmetallizing technique. 
The desired film metal is heated 
in a vacuum to a temperature 
close to its boiling point (see 
table). The metal vaporizes and 
is deposited in a prearranged 
pattern controlled by masking 
techniques. 

The optimum shape and mate- 
rial to use for the heat source 
depends largely on the boiling 
point of the charge. Wetting 
ability and chemical attraction 
between the charge and filament 
must also be considered. Natural- 
ly, the filament must have a high 
melting point in comparison with 
the charge; tungsten and tan- 
talum are commonly used for 
filaments, although molybdenum 
is better suited for certain 
charges. Care must be taken to 
prevent overheating of the charge 
because the resulting increased 
vapor density of the evaporated 





Electronic Components 


by Arthur F. Menton, Servo Corporation of America 


metal can cause poor adhesion 
and film discontinuity. 


Uniform thickness important 


The deposition of uniform films 
is a challenge and depends on 
on many factors, such as 1) the 
materials and shapes used for the 
substrate, filament and charge, 
and 2) the right choice of vacuum 
and temperature. Also, uniform 
films are difficult to obtain because 
the substrate is usually flat and 
the distance of different points on 
the substrate to the charge source 
may not be the same. This prob- 
lem can be minimized by keeping 
outer dimensions of the substrate 
as small as possible with respect 
to the charge-to-substrate dis- 
tance. Uniformity can also be 
improved by moving the charge 
or substrate while evaporation 
takes place, or by using several 
charge sources. 


Ceramic, glass bases are best 


Selection of the proper sub- 
strate is important because the 
substrate material and condition 
can affect the crystal properties 
of the active film which is ex- 
tremely thin (at times less than 
100 Angstrom units thick). The 
best substrates are usually inor- 
ganic materials such as ceramics 
or glass. These should be through- 
ly cleaned and processed to 
remove gaseous occlusions. An 
important advantage of these 
materials is that they are readily 


available in amorphous form—an 
important factor in preventing 
large oriented crystals from de- 
veloping in the film. 

Because of their desirable elec- 


First Side 


All microelement photos courtesy 


Reverse Side 


2 Microelement resistor contain- 
ing metal film on both sides can be 
scribed as shown to create two resis- 
tor elements per side and to adjust 
individual elements to desired resist- 
ance values. 


plastics have 
been considered as_ substrate 
materials. However, they have 
been ruled out for high vacuum 
processing because of their high 
vapor pressure and gaseous im- 
purities. 


trical properties, 


Resistors with exceptional 
properties can be obtained by 
depositing thin films of gold- 
platinum and nickel-chromuim 
alloys on inorganic substrates. 


Thin-film resistors can be pro- 
duced by several methods, but one 
of the most important is vacuum 
evaporation of noble metals. Ex- 
ceptional properties (notably ther- 
mal characteristics) can be ob- 
tained by depositing resistive 
gold-platinum alloys on glass sub- 
strates; these components (Fig 2) 
are now being produced in large 
quantities. A typical 60 gold-40 
platinum resistive film 100 Ang- 
strom units thick has a tempera- 
ture coefficient of 0.06% and a 
resistivity of 190 microhms per 
in. In general, both the resistivity 
and temperature coefficient of 
gold-platinum resistive films can 
be decreased by increasing the 
gold content. 

Precision nickel-chromium re- 
sistors with resistance tolerances 
smaller than 1% can also be 
produced by vacuum evaporation. 
The film thickness of these com- 
ponents ranges from 1 to 2 y» in 
and a whole family of resistance 
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ratings—from 10 ohms to 10 
megohms—can be obtained with- 
out excessive change in film thick- 
ness. Recently as many as four 
individual resistors—two on each 
side—have been deposited on one 
alumina wafer. The alloy used is 
an 80 nickel-20 chromium alloy 
and is applied by a combination 
of photographic techniques and 
vacuum evaporation. Tin oxide 
film resistors have been applied by 
similar methods to steatite and 
glass substrates. Higher resistiv- 
ity films of metals, oxides, alloys 
and carbon are being developed 
using similar base materials. 


Capacitors consisting of 
many thin-film layers and hav- 
ing capacitance values as high 
as one microfarad can be made 
by vacuum deposition. 


Thin-film capacitors are made 
by first evaporating a dielectric 
material onto a metallic substrate 
and then depositing a top layer of 
metal (Fig 3). The metallic sub- 
strate and top layer then act as 
the electrodes. Values of over 1 pf 
can be obtained by repeating this 
process to form a multilayer or 
stacked-film capacitor. The num- 
ber of layers used depends on 
capacitance and voltage require- 
ments, the present practical limit 
being ten layers. Ceramics are 
being used as the dielectric, 
mainly because multiple thin-layer 
ceramic capacitors have been 
found to have a fairly constant 
capacitance over a wide tempera- 
ture range. 

Silicon monoxide has also been 
examined extensively as a dielec- 
tric because of the ease with 
which it can be vacuum deposited 
and because of its high conduc- 
tivity and oxidation resistance. 
Silicon monoxide capacitors using 
gold electrode films exhibit excel- 
lent insulation resistance, dissipa- 
tion factor and breakdown voltage 
characteristics, and high capaci- 
tance per unit area. However, the 
material’s promise is tempered 
somewhat by its relatively poor 
power factor—40 to 50%. 

Aluminum oxide and _ silicon 
oxide dielectrics look very promis- 
ing for thin-film capacitors. In 
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First Side 


Reverse Side 


3 Microelement capacitors can 
be built by depositing alternate lay- 
ers of ceramic dielectric and metal 
conductor (top). Electrolytic tanta 
lum capacitor (two views at bottom) 
is composed of solid electrolyte in 
conjunction with tantalum deposited 


by vacuum evaporation, 


addition to having excellent insu- 
lation resistance (100 kilomeg- 
ohms have been observed) they 
have an extremely low loss factor 
and permit capacitance values of 
0.032 uf per sq in. 
Electrolytic-type capacitors can 
also be made in wafer form (Fig 
3). Capacitors using zirconium, 
tantalum, aluminum and titanium 


ENGINEERING 


in conjunction with solid elec- 
trolytes have been fabricated 
successfully. A wide range of 
capacitance values is obtainable— 
from 0.1 to 15 uf. 


Induction coils and ferro- 
magnetic storage elements hold 
much promise for the future, 
but their development has noi 
kept pace with that of other 
thin-film components. 


The small size and reproduci- 
bility obtainable with vacuum 
deposits is particularly advan- 
tageous in replacing conventional 
wire wound inductors or trans- 
formers. Induction coils can be 
made by depositing (in conjunc- 
tion with masking techniques) 
pure metal on the inside and out- 
side of a ferrite coil which is 
usually a few hundredths of an 
inch in diameter. The substrate 
thickness provides insulation and 
determines the coupling between 
the primary and secondary metal 


Wafer Lead 
Wire 


Deposited wa 
Copper Films >< 


= 
C 


4 


‘ 


a 


4 Wafers interconnected by two 
methods. Interconnection at top is 
made by using flat copper strips 
which are deposited on outside of 
potted 
bottom uses riser wires around peri- 


module. Interconnection at 


phery of wafers. 





5 Modules interconnected by two 
methods. Modules above 
nected by “logic wiring” technique in 
which leads are joined by spot weld- 
connected 


are con- 


ing. Modules at right are 
by printed circuit incorporating ac- 
curately placed holes. 


coils; the shape of the deposited 
metal (controlled by the mask) 
governs the inductance. Induct- 
ance values as high as 1500 wh 
have been obtained. 

Coils are also made in the form 
of toroids wound on ferrite cores 
a few hundredths of an inch in 
diameter, The toroidal form re- 


fields. The coil is usually mounted 
on one side of a wafer with an 
organic bonding agent which is 
also useful as an impregnating 
material for the toroid. Selection 
of the best coil impregnant is 
important because, in addition to 
having the desired electrical prop- 
erties, it must withstand thermal 


duces undesirable coupling to 


adjacent elements and leakage Inductance 


moisture. 


MATERIALS THAT CAN BE DEPOSITED UNDER HIGH VACUUM 


shock and resist corrosion 


and 


values as 





Heat Source and/or 


Charge 
Holder for Charge 


Material & 


Evaporation 
Temp, F 





Aluminum 
Aluminum Oxide 
Arsenic Trisulfide 
Bismuth 
Cadmium Sulfide 
Chromium 
Copper 

Cryolite 
Germanium 

Gold 

Indium 

Lead 

Lead Sulfide 
Nickel 

80% Nickel-20% Iron 
Platinum 

Silica 

Silicon Monoxide 


U-shaped tungsten wire or tungsten: helical coil 
Tungsten helical coil...... 
Tungsten helical coil , 

Alumina crucible heated by tungsten conicai basket 
Tungsten helical coil. . 

Tungsten conical basket 

Tantalum conical basket 

Molybdenum conical basket 

Alumina thimble heated by molybdenum or tungsten conical basket 
Tungsten helical coil... .. 

Molybdenum or tungsten conical basket 

Alumina crucible *¥ : 

Molybdenum or tantalum conical basket 

Tungsten helical coil 

Zirconia or alumina crucible 

Tungsten helical coil 

Beryllium oxide crucible 

Alumina crucible or tantalum conical basket 

Silver Tungsten conical basket or molybdenum helical coil 
Silver Chloride Molybdenum conical basket 

Tin ./Tantalum conical basket 

Zinc Sulfide Molybdenum conical basket 





1832 
3200 
1300 
1290 
2550 
0770 
2315 
1832 
2282 
2670 
1740 
1325 
2335 
2750 
2550 
3795 
3140 
1832 
1918 
1452 
2170 
3450 





high as 1500 yh have been 
obtained. 

Considerable headway is being 
made in developing thin ferro- 
magnetic films which can be used 
as high speed storage elements, 
notably for advanced digital com- 
puters, Ferromagnetic properties 
such as the rectangular hysteresis 
loops necessary for storage ele- 
ments are being obtained with 
materials with low anisotropy 
(e.g., certain nickel-iron alloys) 
and by depositing films from 500 
to 2000 Angstrom units thick. 
Special evaporating techniques 
are necessary with the nickel-iron 
alloys because in the molten state 
they can affect the high tempera- 
ture filament materials used for 
evaporation. Thus, the charge of 
ferromagnetic material is placed 
in a crucible instead of directly in 
contact with the heating element. 


interconnection of com- 
ponents has always been a 
major obstacle to obtaining 
high density electronic equip- 
ment. Here are several novel 
approaches to the problem of 
interconnecting individual 
wafers and wafer assemblies. 
First, wafer interconnections... 


A typical method of intercon- 
necting wafers containing thin- 
film components is shown in Fig 4. 
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By suitable encapsulation the flat 
elements are incorporated in a 
parallel position with only their 
lead wires exposed. The wires are 
then connected by strips of copper 
film. These strips are produced by 
depositing copper (by reduction or 
rolling) over the entire surface. 
Then, by resist, photographic and 
masking techniques, the preferred 
interconnections are made and 
the excess copper is etched away. 

An alternate way of connecting 
stacked wafers is also shown in 
Fig 4. Each wafer is notched 
around its perimeter to provide 
space for 12 riser wires. Rigid 
end wafers terminations are used 
to provide structural support as 
well as circuit termination for 
the module. 


(For still another technique, 
see the M/DE award-winning 
entry on pp 142-144 of the May 
61 issue.) 


Module interconnections 


The problem of comnecting 
wafer assemblies (modules) is 
especially difficult because of the 
limited space available. Several 
novel connection methods have 
been developed to meet this 
problem, notably spot welding and 
printed wiring. 

Spot welding—In this connec- 
tion method, modules are placed 
side by side and then connected 
by “logic wiring” (Fig 5). This 
system consists of layers of fine 
wire insulated except at the point 
where circuit leads are to be 





Other Components 
Are Shrinking, Too 
In addition to thin-film micro- 
elements, related circuit 
ponents are now being repack- 


com- 


aged in compact forms to aid 
in the construction of stacked 
wafer blocks. Special components 
such as gold-bonded semiconduc- 
tor diodes, diffused silicon junc- 
tion diodes, and piezoelectric 
crystals in the 7 to 70 me range 
are now available for stacked 
wafers. In addition, transistor 
cases have been made as small 
as 0.05 in. high by 0.2 in, in 
dia (see photo) and a 
announced design 
measures only 0.125 in. wide, 
0.18 in, long, and 0.06 in. high. 


newly 
rectangular 
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First Side 


joined by precision stored-energy 
resistance welding (spot welding). 
One wiring mesh, mounted on 
each side of the “stick” provides 
optimum microcircuit layout, tack- 
weld joints and power-bus inter- 
connections. 

Printed circuit boards—Because 
of their uniform geometry and 
terminal lead arrangements, mod- 
ules can also be assembled on 
printed circuit boards (Fig 5). 
By accurate jigging, the terminal 
leads of each unit can be plugged 
into carefully positioned holes in 
the board, and then soldered in 
place. This connection method is 
especially advantageous in that it 
makes for standardized design 
and easier quality control and 
maintenance. 


Reverse Side 


Transistor is tiny enough to be incorporated on alumina wafer. 
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Five 
Malleable 
Castings 
Cut Costs 


1. Gear rack for boat trailer 


These malleable castings are effective use of cast malleable 4 Gear rack for boat trailer costs 62% 
winners in the Malleable Found- parts as economical and better less than the previous machined parts. 
The convex contour on the bottom of the 
rack and 70 teeth on the top were cast 
and required no machining. The rack, 


ers Society design contest. En- versions of machined, forged, 
tries were judged on the basis of rolled or welded parts 


used to position a boat on the trailer, is 
automatically stress relieved and will not 
warp or spring. (First Award: J. A. 
Heitkamp, Northern Malleable Iron Co., 
St. Paul, Minn.) 


2 Gear and shaft unit for an automo- 
bile transmission was formerly precision 
machined from forged steel. Machining 
costs were cut 19% because pearlitic 
malleable iron is easier and faster to 
: machine accurately. Malleable is also 
2. Gear and shaft unit “a a me lighter and costs 29% less than the steel 
’ previously used. (Second Award: D, A. 
Marek, Central Foundry Div., General 
4. Equalizer bar Motors Corp., Saginaw, Mich.) 


3 Mounting bracket for an automobile 
power steering assembly was made of 
rolled steel bar stock, Previous brackets 
flexed sufficiently to cause fatigue fail 
ure of the mounting bolts. The new de 
sign incorporates a protruding ridge that 
adds stiffness without increasing weight. 
Cylinder hole and inset, a chamferred 
edge, and a slightly angled bearing sur- 
face are now cast rather than machined. 
(Third Award: R. A. Johns, Belle City 

Malleable Iron Co., Racine, Wis.) 
3. Mounting bracket . . 
4 Equalizer bar connecting two main- 
springs of a tandem tratler is 8% strong- 
5. Cultivator front arm er and 17% lighter than previous gray 
iron and steel forged units. The bar is 
strengthened by the stress distribution in 
the pearlitic malleable casting and us¢ 
of a U-shaped section to join the bosses. 
(Fourth Award: J. W. Beckham, Texas 

Foundries, Lufkin, Tex.) 


S Cultivator front arm compactly cast 
from malleable iron replaced a four-piece 
weldment. The new design cuts cost 31%, 
and improves strength and appearance. 
(Fifth Award: D. Calhan and M, Anglin, 


Dalton Foundries, Warsaw, Ind.) 
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Faster, Less 
Expensive Creep Data 


1. A master diagram for 11 alloys. 
2. How to add your alloy to the diagram. 


by Michael Korchynsky, Metals Research Group, Union Carbide Metals Co.* 
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Stress, /OOO psi 


4130 - AiSi 4/30 
218- Holcomb 2/8 
samt: ohne! A286 - 4286 austenitic alley 
304 - AlSi 304 
702 - inconel 702 
C ~ Hoastelloy C 
8 — Hostelloy 8 
R - HastelloyR 
4/ — Rene 4/ 
8202 - Haynes 8202 
25 - Haynes No.25 
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ve @ wav Min Creep Rate, in./in./sec 
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temperature, stress and creep rate. If the material has 
already been selected, then the creep rate or rupture time 
can be determined at given stress and temperature levels. 


i—Master diagram correlates material, temperature, 
stress, creep rate and rupture time. The diagram can be 
used to choose a material that will operate at a given 


* The research leading to these results was supported by the Army Ballistic Missile Agency, Huntsville, Ala. 


124 « MATERIALS IN DESIGN ENGINEERING 





® An investigation of the creep- 
rupture behavior of alloys near 
their melting temperature has re- 
sulted in a method that can reduce 
creep testing tenfold and drasti- 
cally reduce the time required to 
describe the creep behavior of a 
material. The end result of the in- 
vestigation is the master diagram, 
Fig 1 at left, which correlates 
stress, testing temperature, time 
to rupture and minimum creep 
rate for any face-centered cubic 
iron, nickel or cobalt-base alloy. 
The equation on which the dia- 
gram is based will be discussed 
later in the article. 

We have plotted 11 alloys on 
the master diagram. By using the 
techniques that will be discussed, 


When you want... 
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Min Cusep fate, a /in/sec 
Minimum creep rate. Known: 
stress, 4000 psi; temperature, 
2370 F; Dex = 4; material, 
René 41. Raise a vertical (VW) 
from the René 41 point on the 
minimum creep rate scale (I) 
to the correlation line and ex- 
tend a horizontal (WX) to the 
2370 F curve. Beginning at this 
intersection, raise a _ vertical 
(XY) whose height is measured 
on the be» vs stress seale (II). 
At the end of this vertical, draw 
a horizontal line (YZ) back to 
the correlation line. This dis- 
tance represents the minimum 
creep rate of René 41 at 2370 F 
and 4000 psi. Lay the length 
out on the min creep rate scale 
(III) and read 5 X 10° in./in. 
sec, 








you can add any number of alloys 
to those already present. The re- 
lationships were developed for 
creep near the melting point, and 
the minimum temperature at 
which the master diagram can be 
used is a homologous tempera- 
ture of 0.7. 

Materials tested were a repre- 
sentative selection of alloys that 
encompass a broad spectrum of 
metallurgical variables: body cen- 
tered (bec) and face centered 
(fcc) cubic structure; presence or 
absence of an allotropic trans- 
formation from ferrite to austen- 
ite; varying degrees of satura- 
tion of the matrix by solute 
atoms; and presence or absence 
of metastable structures. 





. 
Correlation 


10 . a ae 
aAPaee wv x + xe Be 
* a & a © Rupture Time, sec 
Rupture time, Known: stress, 
4000 psi; temperature, 2190 F; 
Dee = 4.6; material, 304 stain- 
less steel. Erect a vertical line 
(VW) to intersect the correla- 
tion line from the 304 stainless 
point on the horizontal rupture 
time scale (I). Draw a horizon- 
tal line (WX) from the point of 
intersection to the 2190 F curve. 
At this point, erect a vertical 
line (XY) whose length is de- 
termined by the ber vs stress 
scale (II). From the end of 
this line draw another horizon- 
tal (YZ) to the correlation line. 
Measure the length of line YZ 
and lay it out from point A on 
the rupture time scale (III). 
Read the time as 80 sec. 





How to use 
the master 
diagram 


Four variables — temperature, 
stress, material, and rupture time 
or creep rate—are plotted in Fig 
1. Given any three of the varia- 
bles, you can easily determine the 
fourth. The three drawings below 
show you in detail how to use the 
master diagram to solve three 
problems. The first two are the 
obvious ones of determining either 
creep rate or rupture time when 
material, stress and operating 
temperature are known. Not so 
obvious is the third problem 
where you know you need a ma- 








CO a @ 
N . Soe 

we Ka $ * a fesiere Time, sec 
An alloy. Known: stress, 1200 
psi; temperature, 2155 F; bus 
= 5.4; rupture time, 2.2 < 10° 
sec. The procedure is the re- 
verse of that used to determine 
either creep rate or rupture 
time. Lay out a box, the top of 
which (YZ) corresponds to a 
rupture time of 2.2 X 10° sec 
measured from point A (see III) 
and the side (XY) of which is 
the distance represented on II 
by 1200 psi and buss = 5.4. Slide 
corner Z of the box on the cor- 
relation line until corner X in- 
tersects the 2155 F curve. Draw 
a horizontal (WX) from the 
point of intersection to the cor- 
relation line and drop a vertical 
(VW) down to the horizontal 
rupture time scale. The alloy at 
this point on the scale (Inconel 
702) will meet the requirements, 
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terial that has a given creep rate 
at a specified stress and tempera- 
ture. From Fig 1 you can select a 
material that meets these design 
criteria. 


Here’s how to 
make your own 
diagram 


To use the diagram for alloys 
other than those listed, determine 
bey, and ¢ by the equations pre- 
sented in the next section. Calcu- 
late a for minimum creep rate 
and plot points on the ordinate 
corresponding to a/2.3 for the 
given alloy. Then you are set to 
use the graphical 
scribed in Fig. 1. 


methods de- 


The basic equation 


The equation on which the mas- 
ter diagram is based was devel- 
oped by statistical analysis and 
shows the dependence of rupture 
time or minimum creep rate on 
stress and temperature as inde- 
pendent variables. A phenomeno- 
approach was necessary 
since a quantitative theory of 
high temperature creep has not 
been developed. Using a computer 
to fit the data by the method of 
least squares, we developed the 


logical 


equation: 


In te (or In e) /T + 
ber, Ine 
tr rupture time, minutes 
¢ = minimum creep rate, 
in./in./sec 
temperature, K 


stress, 1000 psi 


= constants 
a time-dependent 
parameter 
In natural logarithm 


This equation provides an ex- 

tremely high degree of correla- 
tion between experimental and 
predicted data, as Fig 2 shows. 
Two conclusions can be drawn 
from Fig 2: 
, 1. Correlations are valid for 
long test periods except when oxi 
dation becomes a problem (see 
curve for Hastelloy R). 

2. Creep-rupture characteris- 
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tics of an alloy are not dependent 
on the method of heating. 

The experimental data were ob- 
tained in long-duration conven- 
tional tests in which specimens 
were heated either in a furnace 
or by resistance (some details are 
given later). Fig 2 shows that by 
using the equation, data generally 
can be extrapolated by at least 
two logarithmic cycles. 


Only a few tests needed 


The high degree of correlation 
provided by the equation allows us 
to significantly reduce the number 
of tests required for a full ap- 
praisal of an alloy’s high tempera- 
ture creep behavior. The mini- 
mum creep rate can be determined 
from as few as four or five tests 
in which stress or temperature 
are changed to determine b,, 
and ¢. 

By changing the stress level 
during a test at a given tempera- 
ture, we can calculate b,,, from 
the equation: 

Da log (¢:/e) log (¢:/¢:) 

The subscripts refer to condi 
immediately prior to and 
after a stress change. 

Similarly, ¢ is determined by 
varying testing temperature. The 
governing equation requires that 
values of b,,, be predetermined: 


e=2.3 (T,) (T:) +T [log «,/c 
loge [ber — ber:] 


tions 


With values of by.y, and c, val- 
ues of a can be calculated from 
the prediction equation. 

Statistical 
from 50 conventional tests showed 
good agreement when compared 
with 5 tests performed near the 
melting point. Note the small dif 
ferences between values for con 


analysis of data 


/ncone/l 702 at i 
ea 
++ Resistance heating ~~-* 

Furnace heating 

Co/culeted rupture time 


s 


Type 446 stoiniess stee 
<1 at 1815 F 


Rupture Time, hr 


2—Excperimentally determined time 
to rupture for three alloys corre 
sponds well with calculated values. 
Solid lines represent predicted rup- 


ture trmes,. 
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stants in these equations: 
5 tests: In e = 43.8 — (76.5) 
(10°) /T ber Ine 
50 tests: In « 44.73 (79.94) 
(10°) /T + bem Ine 


Five alloy groups 
for creep 
strength 


In order of increasing creep 
strength, the alloys tested can be 
broadly classified into five groups: 

1. Fully ferritic iron-base al- 
loys (type 446 stainless). 

2. Austenitic (at testing tem- 
perature) iron-base alloys. 

3. Nickel-base alloys strength- 
ened with aluminum and titanium. 

4. Cobalt-base alloys. 

5. Nickel-base alloys strength- 
ened with relatively large amounts 
of high melting point elements 
such as chromium, molybdenum 
or tungsten. 

Comparing the properties of 
type 446 stainless (body-centered 
structure) and type 304 
stainless (face-centered cubic) 
permits a rapid estimate of the 
effects of crystal structure on 
high temperature creep. The two 
materials have comparable alloy 
contents and melting tempera- 
tures, but the rupture times and 
creep rates of type 446 at 1870 F 
are equal to those of type 304 at 
2370 F. In terms of homologous 
temperature (the ratio of testing 
melting point), 
properties of 


c ubic 


temperature to 
the creep-rupture 
bee material at 0.7 are equivalent 
to those of fcc material at 0.88 of 
the absolute melting temperature. 

These data may be significant 
in estimating the upper service 
temperatures of alloys based on 
refractory metals. If the relation- 
ship between bec and fee alloys is 
valid, then the benefits gained by 
using body-centered cubic metals 
such as chromium, columbium and 
molybdenum as base materials 
may not be as great as the differ- 
ence in melting points between 
these and nickel or cobalt-base 
alloys would suggest. 





Silicone Rubber 
Seals for Atomic 
Power Reactor 


Rotating shield plug 
being installed. It is 
sealed at 1. The ma- 
chinery dome is sealed 
at 2. 


Containment building 
seal is extruded from re- 
inforced silicone rubber. 


@ Three large silicone rubber 
seals, one of them 70 ft in dia, are 
used in the Enrico Fermi Atomic 
Power Plant now under construc- 
tion near Detroit. 

The Fermi breeder reactor uses 
liquid sodium in the primary loop 
of the heat exchanger system to 
power its turbines and generators. 
Every precaution must be taken 
to assure that the sodium never 
contacts air or water. For ex- 
ample, expansion space in the sodi- 
um lines is filled with argon. 

Silicone rubber was selected for 
the seals because at the 400 F 
operating temperature it resists 
attack by sodium and has a 
known, controllable permeability 
to argon and other gases. 

The seals are made from a spe- 
cial compound based on a Union 
Carbide Corp. masterbatch called 
KW-1300. They were made by the 
Detroit Silicone Rubber Corp. in 
cooperation with Union Carbide’s 
Silicones Div. and Linde Co. after 
extensive development and design 
programs. 

A 10-ft dia seal around the re- 
actor’s rotating plug confines a 
nitrogen atmosphere below the op- 
erating floor, and in emergency 
would have to confine argon and 


sodium. The machinery dome over 
the reactor is sealed with a 20-ft 
ring, and a 70-ft seal isolates the 
reactor containment building from 
the immediate vicinity. 

The plug seal is an extrusion, 
with two feather edges at the top 
and a bulky bottom section. The 
reactor vessel seal was molded on 
a Dacron backing. The contain- 
ment building seal was molded in 
sections on Dacron and coated 
fiberglass. 


Cross Section : i 


—_—~ 


Cross Section : 3 








Section of reactor housing shows 
plug seal 1, machinery dome geal 2, 
and containment building seal 3. 


Sodium pump seal permits expan- 
sion in the hot sodium line, The seal, 
exposed to argon and molten sodium, 
is glass-reinforced silicone rubber. 


SEPTEMBER, 1961 ¢ 127 





, 
’ 


Mercury spacecraft and tower as 


booster rocket. 


after se paration from 
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How Materials 


@ Of all the scientific challenges faced by man 
in recent history none has been greater than 
that of putting an astronaut in orbit and safely 
returning him to earth. The environment that 
will be encountered is truly formidable and un- 
like any yet faced by a man and a vehicle. 

In order to cope with this environment engi- 
neers and designers have had to operate on the 
frontiers of knowledge. Yet this has been done 
with caution. The overwhelming majority of 
materials used in the Mercury spacecraft have 
been with us for many years and have a long 
history of success. And the remaining new and 
unique materials that are used were selected only 
after their properties had been demonstrated by 
thorough evaluation and engineers were con- 
vinced that they would successfully meet the test 
of unusual environments. 

Spacecraft materials must be able to withstand 
temperatures from —100 to over 2000 F, resist 
fatigue, attenuate noise, and be pressure and 
water-tight. Furthermore, all materials have to 
be compatible with hydrogen peroxide—the fuel 
used for the reaction control system. And all 
materials used inside the capsule have to be com 
patible with 100% oxyger as well. 

As we shall see from the following, the use of 
materials in the Mercury spacecraft is a signifi- 
cant step in man’s knowledge and will be an im- 
portant guide in making decisions about future 
orbiting vehicles and space probes. 


by Robert J. Fabian, Associate Editor, Materials 


in Design Engineering 





Are Used in the Mercury Capsule 


Rene-41, 


a nickel-base superalloy, is used 
for exterior shingles on the 
conical portion of the capsule. 
It will withstand 1650 F heat 
and fatigue, and resist expected 
dynamic and acoustical effects. 


As shown in the photos on these 
two pages, the central conical and 
cylindrical portions of the capsule 
consist of outer and inner skins 
separated by a primary structure 
of longitudinal beams. The inner 
skin is pressurized to protect the 
astronaut and his equipment. The 
outer skin is not pressurized; its 
primary purpose is to withstand 
external air pressure loads and to 
serve as thermal protection for 
the primary structure. 

Since the outer skin is 
unusually severe tem- 
peratures—as high as 1650 F dur- 
ing reentry —capsule designers 
were faced with a difficult mate- 
rials selection problem. Initially, 
they decided that a 
superalloy (Haynes Alloy No. 25) 
would be the best material. How- 
ever, analysis showed that René- 
41 nickel-base superalloy provided 
the best all-around combination of 
properties for the conical portion 
of the capsule (as we shall see 
later, beryllium shingles were se- 
lected for the cylindrical portion). 

Briefly, René-41 was selected 
because of its: 

> Superior thermal properties 
at 1650 F—its ultimate tensile 
strength is roughly 75,000 psi at 
this temperature. Also, the alloy 
has good yield strength and elon- 
gation. 

> High strength-to-weight ratio. 

> High fatigue resistance. This 


sub- 
jected to 


cobalt-base 


tion and acoustic noise effects dur- 
ing launch and reentry. 

Since René-41 is a relatively 
new material, designers initially 
were not sure if enough material 
would be available. However, this 
situation improved when a num- 
ber of companies such as General 
Electric, Haynes Stellite (Haynes 
Alloy R-41), Cannon-Muskegon 
and Kelsey-Hayes started produc- 
tion of this alloy. 

After choosing René-41, de- 
signers then had to decide what 
configuration of the material would 
best meet the intended end func- 
tions. An envelope of rectangular 
shingles was selected because this 
design can accommodate relatively 
large dimensional changes. The 
edges of shingle contain 
large holes and are mechanically 
fastened with oversize washers to 
the longitudinal stringers to allow 


each 


Rene 4! shingles 


Titanium inner skin 


for thermal expansion. 

Because the shingles are not 
designed to carry any high loads 
their thickness was held to 0.016 
in. However, for added strength 
each shingle is fabricated with 
parallel indentations (see photos) 
resembling a washboard surface. 
No forming problems were en- 
countered during fabrication at 
McDonnell Aircraft Corp. Some 
early problems developed because 
of lack of cleaning prior to heat 
treatment, but they were over- 
come when proper precautions 
were taken. 

Designers fortunate in 
that they could combine normal 
heat treatment steps with a black 
coating treatment. The 
thermal characteristics of the 
black oxide coating are instru- 
mental in controlling surface tem- 
perature during thermal cycling. 


were 


oxide 


McDonnell Aircraft Corp 


Structure of capsule is a wedding of old and new concepts. Conical portion 
will be completely covered with outer skin of René-41 shingles; cylindrical 
structure (right) will be covered with beryllium shingles. Not shown is large 
titanium ring which will fit at base (left) to attach heat shield to capsule. 


is needed because the outer skin 
expands and contracts due to local 
pressure and temperature changes. 

> Superior resistance to vibra- 
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The combined treatment: 

1. Heating to very high tem 
perature (roughly 2000 F). 

2. Holding for 1 hr and then 
cooling rapidly, 

3. Reheating for 16 hr at about 
1500 F until the desired mechan 
ical properties are obtained. 

This treatment produces a black 
oxide coating on both sides of the 
shingle. A high temperature black 
ceramic paint is used for touch- 
up; however, its properties are 
not as good as those of the orig 
nal black oxide coating. 


Special insulation 


will be used at critical points 
to protect the astronaut and 
equipment over a temperature 
range of -—100 to over 2000 F. 


Because of the wide tempera 
ture extremes that are concoun- 
tered it is extremely important 
that the capsule be well insulated. 
In addition to resisting high heat, 
the insulation must have maxi- 
mum efficiency (a low k factor) 
and minimum weight. 

The conical portion of the cap 
sule containing the astronaut 
reaches a maximum temperature 
of 850 F during launching and 
1650 F during reentry, as well as 
normal temperatures of 100 F 
to 200 F during orbit. These tem- 
peratures are controlled by using 
a \4-in. thick blanket insulation 
(see cutaway photo) in conjunc- 
tion with a cabin auxiliary heat- 
ing and water evaporation cooling 
This insulation is com- 
posed of resin-bonded ceramic 
fibers enclosed in a glass fiber 
fabric and is bonded to the out- 
side of the inner skin with an 
epoxy adhesive. Originally, the 
capsule was designed to incorpo- 
rate 144, in. of insulation; how- 
ever, thickness was later cut to 4 
in. when experience showed that 
the insulation is more effective at 
reduced atmospheric pressures. 

The insulation is designed so that 
in the worst case the inside sur- 
face temperature on the pressur- 
ized compartment is 170 or 180 F. 
It also provides high noise attenu- 
ation, thus protecting the astro- 


system. 
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naut from the high noise gener- 
ated during launching and by 
boundary layer turbulence. 
Insulation is also required at 
the 24 structural ribs that sepa- 
rate the inner and outer skins. 
Min-K insulation encased in stain- 
less steel foil is used between the 
outer skin and the ribs to prevent 
a through thermal path and cut 
heat flow to the inner skin. Min-K 
(a proprietary insulation) has a 
thermal conductivity considerably 
lower than stillair. Its low thermal 
conductivity (only 0.2 Btu/in./hr 
sq ft/°F at 1000 F and an equiv 
altitude of 60,000 ft) en- 
provide the needed 
extremely 


alent 
ables it to 
thermal protection in 
thin, lightweight sections 

Min-K insulation 


also used on critical sections 


Foil-encased 


of metal tubing in the reaction 
control system and on the two 


hydrogen peroxide reaction con 
trol storage tanks located at the 
base of the capsule directly be- 
hind the heat shield. 

In capsules using an ablative- 
type heat shield an additional 14- 
in. layer of Min-K will be epoxy 
bonded directly to the back of the 
shield in the area of the storage 
tanks. The remaining central area 
of the heat shield will be covered 
thick 


with a 1-in. layer of the 


Corning Glass Works 


Observation window shown here in 
mockup contains outer panes of 96% 
silica and inner panes of alumino- 
silicate glass which will accommodate 
a temperature difference of 1000°F. 
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resin-bonded ceramic fiber insula- 
tion described earlier. This insu- 
lation is heated to 600 F prior to 
cementing to burn off the integral 
binder. This is done to allow the 
insulation to absorb water and 
provide added weight for stability 
when the capsule lands in the 
ocean. 

The durability of these insu- 
lation systems under abnormal 
conditions was demonstrated suc- 
cessfully during the firing of an 
unmanned capsule into space in 
February. At no time did the 
temperature inside the capsule 
exceed 90 F. 


Glass 


used for the astronaut’s win- 
dow and antenna shields must 
provide good optical clarity and 
electrical characteristics, as 
well as resist high tempera- 
tures, 


By looking out of the window 
the astronaut is able to determine 
the capsule’s attitude and to make 
astronomical observations (includ- 
ing photographs). These visual re- 
quirements plus the high tempera- 
tures and rugged mechanical en- 
vironments that are encountered 
called for ingenuity in materials 
selection. 

Some capsules have an 8%-in. 
circular viewport (see photo) 
containing an outer assembly of 
three panes of 96% silica glass 
and an inner assembly of two 
tempered aluminosilicate panes. 
In order to give the astronaut 
better vision other capsules use a 
viewport de- 
incorporates 
silica 


larger, trapezoidal 
sign: This design 
two outer panes of 96% 
glass and two inner panes of tem- 
pered aluminosilicate glass. Its 
maximum height is 21 in.; width 
is 714 in, at the top and 11 in. at 
the bottom. Each piece of glass 
is ground and polished to a pre- 
cision finish to provide high opti- 
cal quality. 

In both designs 96% silica glass 
was selected for the outer panes to 
withstand the high temperatures 
and thermal shock that are en- 
countered in launch and reentry. 





In addition to resisting heat the 
glass acts as a heat sink (the dead 
air spaces between the panes also 
improve insulation). The inner 
tempered panes were selected to 
prevent loss of cabin 
keep 


pressure, 
water out of the capsule 
when it lands in the ocean, and to 
withstand medium range tempera- 
tures. In the event that the outer 
pane should be damaged the re- 
maining 96% silica glass pane 
and the inner pane assembly are 
capable of withstanding all en- 
vironments. 

Temperature is expected to vary 
across the entire pane assembly 
from 1200 F at the outside to 
roughly 70 F at the inside. The 
outer panes are sealed in an alu- 
minum fiber insulation, 
and the inner panes are sealed in 
silicone rubber to provide a com- 
bination of heat 
water sealing. 

Heat resistant 
needed to protect the capsule’s 
highly important radio antennas. 
The glass shield for these anten- 
nas (shown in the photograph on 
p 128 as the dark circular band 
above the cylindrical portion) is 
made of 96% silica glass, selected 
for its resistance to breakage and 
its stable electrical characteristics 
under sudden and extreme tem- 
perature changes. 

The sections are made by: 

1. Grinding blank pieces of 
glass to the required thickness. 

2. Sagging the sections under 
heat to the precise curvature 
needed, 

3. Cutting the sections to size 

¥g in. thick by 6% in. high. 

4. Treating sections in a spe- 
cial acid bath to improve their 
strength. 


silicate 


resistance and 


glass is also 


Titanium 


was selected for the primary 
structure of the capsule, includ- 
ing the pressurized inner skin. 
It provides the desired strength 
and light weight and with- 
stands the maximum expected 
temperature of 900 F. 


Commercially pure titanium was 
selected for the inner skin of the 


Brush Beryllium Corp 


Beryllium heat sink being forged here will be used on some ballistic flights. 
Later vehicles, both manned and unmanned, will use an ablative-type shield 
to protect the structure from the tremendous heat generated during reentry. 


capsule because designers had to 
have a lightweight material with 
usable strength up to 900 F. Tita- 
nium proved to be the most effi 
cient material under the expected 
conditions of tension and com 
pression, Furthermore, because of 
its weldability it could be made 
pressure-tight to accommodate the 
large pressure differential between 
the pressurized interior of the 
capsule and the high vacuum pre 
vailing outside. 

The skin is made of eight seg 
ments which are joined by fusion 
butt welding. Although the ma 
terial is amenable to cold forming 
and beading operations, these are 
usually done in the hot state to 
avoid residual stresses. 

The titanium inner skin is 
welded to the hat-shaped stringers 
which are made of A-110AT tita- 
nium alloy (5 aluminum-2.5% 
tin). This medium strength alloy 
was selected for several important 
reasons: 

> Usable strength up to 1000 F 
and good cxidation resistance up 
to 1200 F. 

> Fatigue endurance 
about 60% of its ultimate tensile 
125,000 psi. In this 
it provides 


limit of 


strength of 
and other 
better mechanical properties than 
commercially pure titanium 

> Formability (including hot 
forming) into desired shapes with- 
out difficulty. 

> Excellent weldability. 

Another unique application for 


respects 


titanium is the ring used to join 
the bottom conical section of the 
capsule to the heat shield. This 
ring is the largest-diameter welded 
titanium ring yet produced. It is 
74 in. in dia, 2.875 in. thick, and 
has a face width of 1.85 in. 


Beryllium 


will be used on two important 
exterior structures because of 
its ideal combination of a high 
melting point and excellent heat 
absorption. 


Because of its non-uniform con- 
tour and its changing attitude 
during flight the surface of the 
capsule is subject to a wide range 
of high temperatures. As the cap- 
sule reenters the earth’s. atmos- 
phere the temperature at the heat 
shield climbs well over 2000 F and 
the surface temperatures of the 
conical and cylindrical portions 
reach maximums of 1650 and 1300 
René-41 were 


section, 


F, respectively. If 
used on the cylindrical 
temperatures above the melting 
point would be reached unless a 
thicker skin were used. Thus, each 
outer section of the capsule pre 
sents different materials selection 
problems. 

After analyzing the 
ture control required on the cylin- 
drical portion of the capsule, de- 
signers decided that beryllium 
would best serve their require- 
ments. Beryllium shingles not only 


tempera 
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withstand the high heat gener- 
ated at the surface but also act 
as a heat sink to reduce tempera- 
tures to the point where conven- 
tional materials (e.g., aluminum 
and magnesium) can be used for 
the interior. Because of their heat 
sink function the beryllium 
shingles are considerably thicker 

0.22 in. total than the René- 
41 shingles. 

McDonnell receives the shingles 
already fabricated from the mate- 
rials producer and applies a black 
oxide coating on the outside and 
a gold coating on the inside for 
heat control purposes. The four 
step coating operation consists of : 

1. Cleaning. 

2. Chemical polishing. 

3. Anodizing to produce a black 
oxide coating, 

4. Applying a gold conversion 
coating to interior surfaces and 
This 
coating provides necessary emis- 
sivity and heat control properties. 


heating it so that it bonds. 


Because of its good combina 
tion of thermal properties beryl- 
selected for the 
large circular heat sink to be used 
on the bottom of some capsules 
that have ballistic trajectories. In 
addition to its high melting point 
(2345 F) beryllium has a high 
specific heat (0.46 Btu/Ilb/°F at 
room temperature) and is much 
lighter than aluminum, steel or 


lium was also 


copper. 

The beryllium heat sink is one 
of the largest pieces of metal ever 
powder metallurgy 
After hot 
the billet is approximately 58 in. 
thick. It is then 
by 6 in. for 
Forging 
(see photo) increases its diameter 


produced by 
techniques. pressing, 
in dia by 8 in 
sized down to 54 in 
the forging operation. 


to 80 in, and reduces thickness to 
3 in. At this point the billet is 
ready for machining to final di- 
mensions—74 in. in dia by 1 in. 
thick. Final weight is 350 Ib— 
half the weight of aluminum and 
one-fifth the weight of copper that 
would be required to provide equal 
heat absorption. 

Actually, the 
sink will be 
capsules carried aloft by Redstone 
Firings with manned 


beryllium heat 
used only on some 


boosters. 
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capsules will be made with Atlas 
boosters and because of the higher 
speeds and temperatures involved 
will use an ablative glass-fiber- 
reinforced phenolic-silicone heat 
shield which is expected to pro- 
vide better heat control. 


Plastics 


plus an aluminum honeycomb 
core are combined in a rigid, 
composite couch structure that 
will carry the astronaut in 
safety and comfort. 


Because of the rigors of the 
space flight the astronaut’s couch 
seat has to provide the highest 
degree of safety and comfort. In 
meeting these requirements engi- 
neers had to strike a balance be- 
tween: 

> Custom-tailoring the couch 
for the astronaut. 

> Making the couch strong, yet 
light in weight. 

> Using materials and fabrica- 
tion processes that would provide 
the highest reproducibility and 
reliability. 

From these factors, engineers 
concluded that a composite struc- 
ture of plastics and metal would 
best serve the astronaut and the 
mission. As shown in the photos 
the final design is quite unique 
and consists of a laminated struc- 
ture made up of outer layers of 
glass-reinforced polyester and an 
inner core of aluminum honey- 
comb plus cast plastics inserts and 
adhesive. The entire structure is 
cured simultaneously by bag 
molding. 

Aluminum honeycomb was se- 
lected for the core because of its 
high rigidity -to-weight ratio. 
Core density is varied at different 
points to accommodate stress load 
variations. Glass-polyester is used 
for the skins because of its ability 
to be tailored to complex shapes 
and because of its high strength- 
to-weight ratio. 

The filled inserts 
with the aluminum honeycomb 
core were selected for their abil- 
ity to receive and transmit loads 
around corners and because they 
eliminated the need for difficult 


epoxy used 


ENGINEERING 


machining of the core. The adhe- 
sive that binds the components 
together is a modified epoxy sup- 
This 
material was chosen for its good 
binding properties, uniformity 
and ease of application. 

The design also incorporates 
two thigh supports and a leg sup- 
port which are hinged to the main 
couch structure. The thigh sup 
ports are made of chem-milled 
magnesium. The leg support (see 
detail) is an externally stiffened, 
glass-polyester laminate. 


ported in a glass carrier. 


McDonne!! Aircraft Corp 


Composite seat structure (top) 
contains an inner structural core of 
aluminum honeycomb set between 
structural layers of glass reinforced 
polyesters. Detail at bottom shows 
glass-polyester thigh support; the 
end is hinged for attachment to basic 


shell. 
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Gyroscope motor of 
alumina ceramic won an 
M/DE Award of Merit 


this /earT. 
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The Future for Ceramics 


by Malticolm W. Riley, 


Associate Editor, Materials in Design Engineering 


An important change is taking place in 
ceramics. They are emerging from such 
specialized uses as electrical and electronic 
parts, furnace refractories and plumbing 
fixtures to become structural engineering 
materials of broad usefulness. But major 
problems remain to be solved. 

Here is what the experts say you can 
expect of structural ceramics in the years 
just ahead. 
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“Future 
or 


ceramic mate rials for high pe formance 


sore our electronic materials are today 


®@ The future of ceramics is secure in electrical and 


electronic uses, furnace and crucible lining applica- 
has 


The 


ceramics 15 


tions, and other uses where their performance 


materials are understood. 
the 


load-bearing 


been proved and the 


biggest question mark in future of 


their use in structural, applications 


in load-bearing uses few 


problems exist if 
that the 


compression. For 


Even 


tne compone! t can be easily designed SO 


ceramic is loaded primarily in 


ly ‘ 


example, valve seats and abrasive nozzle liners have 


bee! 


But 


signers have 


used without proble ms 
j 


ol and ae 


turn 


increasing numoper 


1 + 


torced Oo 


an engineers 


bee! from more conven 


tional st ural engi materials to ceramics 


high 
unusual 


eering 


to meet critical perating conditions ultra 


temperature ere corrosive conditions, 


optical deman Parts such as radomes, missile nos¢ 


high ten ature piping and pipe fittings, to 


not 


cones, 


mention be amenable to design 


stress situatior 
tures such as ceramic springs 


ZS have Hee! designed 


uch design are exciting 
ing. It is thi 


tructural, load-bearing 


of 
; problemati 
ceram 


is primarily concerned 


Lé rh cerami¢ material lor the 
a availablk 


ol 


g and design dat 
ncommunicative, the variety 
the design 
has led 


ro 
lagge 


notably 


“Ceram 
tne 
own about 
al 
erials 
orient 
tories, 
produc irea specialize 


is peen eloped accord 
ners familiar with 
nd the o! 
differently than 


hion, ¢ 


sig 


behavior cerami 


have metal 


than ductile a on 


ratnel 


ipproach used for ductile mate 


MV. G 


Because ! 


Britton, ¢ ing Glass 


nechanical proj i of 


oO intensively researched, meas 


ured, catalogued and projected into successful designs 


ans of thoroughly tested desig 
to do the 


Not} ing co ild he 


based 


me principles, 


there is a tendency same thing with brittle 


materials more futile. Eve ry design 


rediction on published ceramic properties 


nust be questioned until thoroughly proof-tested be 
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structural apple ations 


up, much as 


will be developed from the aton 


cause test methods, specimens, and design concepts 


are subject to as yet unpredictable variations which 


force us to use a Statistical approach.” 


. .. but the future is bright 
On the other 

that these 

the future is 
> According 


veloping rapidly. 


ol 


being solved and that 


hand, a number factors indicate 


pask proble ms are 
bright 

Van Vliack, cerami 
Actually, 
de \ 


each specialized field of ce 


to science is de 
there has been consider 
able scientific knowledge eloped in the past within 
amics, e@.g., phase relation 


ot 


understood for a long time, 


ships and crystal structures furnace refractory 


materials have been well 
even lr three, 
deal of 


ple zoelectric 


involving 
Also, a 
the 


complicated compositions 


four, five and six components great 


made i! and 
There 


various specialized areas of ceramics art 


progress has been 


magnetic ceramics strong indications 


that 


are now 
the sé 
gradually merg to form a more unified materials 
science 


> Ability 


composition as 


vary and control ingredients in ceramk 


been radically improved by progress 
the high 


imics. In fact 


in generating and controlling temperatures 


process ig cel according 


of variety and 


today are at the 
ago.” 


amic work being done by 


aerospace engineers in de 


nns 


al d 


cnaractel 


naraware e.g., nose ¢ and 


ones, 
familiarizing 


th the 


more more 
unique 
ne 


same } engineering 


being increasingly applied to the 


thus ceramics peopl 
of the er 


nultitude of specific 


problems ; 

he language ginee! 

new cerami 
some developmental 

the 


ultra hig 


ommercial, 
need 
Among trar 


magn 


within last years 
alumina and 


tne 


slucent, 


with density approaching 


theoretic: pyrolytic and recrystallized graphites, 


as well textiles, 3) glass ceramics, 


pro 


duced cellular or foamed 


special high temperature 


ramic materials of a virtually endless variety, and 


il ceramic fibers. These are only a few, and 


not even touch work in elec trical and elec 


on 


tronic ceramic m:; 


But what wi to you—the engineer, 


materials man? What « 


an you 
Broadly speaking, you can look for the grewth 

‘ field 
ultimately merged with a broader materials engineer 
field The 


plinary 


of ceramic engineering materials, 


rapid development of an interdisci 


ing 


approach in ceramics and what it may mea! 
to engineers is discussed in the box on p 136 
the 


ment of materials with more reliable, more reproduci 


2. More specifically, you can expect develop 


ble, and more predictable performance capabilities 





Materials: improved performance, new approaches 


It would be impossible to cover 


all new and promising develop- 
ments in performance of ceramic 
materials in this space. But prob- 
able the most indicative and per- 

investigations are those 
aimed at 1) improving ductility 
or shock resistance, 2) improving 
strength and reliability, and 3) 
producing composite materials 
“systems” that can provide im- 
perform- 


provements in various 


ance characteristics as well as 


ease of fabrication 


A realistic look 
at ‘ductile ceramics’ 


3rittleness is as inherent in 
ceramics as ductility is in metals. 
This has often come as a shock 
to the 


attempting to apply ductile design 


metals-oriented engineer 
concepts to ceramics. Much widely 
publicized work has been directed 

increasing the inherent ductil 
ity of ceramic bodies, but there is 


little agreement among ceramk 


engineers and researchers as to 


the prospects ot success 


What researchers think 


“Although it is futile to antici 
ate that ceramics can compete 


; 


metals on a ductility basis 
according to ‘fan Viack, 
1 the 


ductility could provide major dif 


slightest increase in 


ferences in the tensile strength of 


ceramics because stress concentra 


tions at the end of microcracks 
would be significantly reduced 
For example, if the radius of cur 
vature at the base of a crack is 
increased from one to two atomi 
diameters stress concentration is 
reduced by a factor of the square 
root of two In the se terms, slight 
additional ductility can gain engi 
neering Importance vg 

A similar view is held by J. M 
Neff, of Armour Research Foun 
dation: “We may eventually get 
to some point where we can get 
slippage of planes of the crystal, 
which may compensate to a cer 
tain degree for the brittleness of 
ceramics 


“But,” he adds, “ceramic mate 


American Lava ( 


High production processes such as multicavity injection molding, can lowe 


costs and improve des 


rials will always be brittle as long 
as they are fundamentaliy ceramic 
materials.” , 

C. G. Harman, of Gladding, Mc 
Bean & Co., 
direction. Although sucl 


is dubious about this 
investi 
to tne store 


gations have added 
of academic knowledge and thus 
are worthwhile, nothing of engi 
neering importance is anti ipated, 
he says. In seeking materials for 
special purposes, Harman says 
some work is realistic 

effort 


toward develo} 


is not “A large 
directed 
ductile ceramics, 
sponding effort 1 

cally transparent steel.” 

And J. R. Tinklepaugh 
Alfred University, is not alone 
fearing that “if and when the 
ductile ceramic work extended 
to polycrystalline materials, we 
will find that in creating ductility 
we have lost the hig! nperature 
strength properties we liked 11 
he ceramic in the first place 

On the other hand, W. H. Duck. 
vorth, of Battelle Memorial Insti 
tute, believes that 


‘means of pre 


paring ceramics with altered 
microstructures offer the potential 


for improved strengths and, as 


brittleness is not necessarily in 


bilities 


jor ceramics, 


herent, could give us_ practical 


ceramics that are ductile.” 
Fundamental work is useful 


Regardless of the outcome, most 
researchers would agree that any 
fundamental work that adds to an 
understanding of the materials is 
useful. 

Probably the most widely dis 
work has 


cussed (and publicized 


been that done at the University 
of California, primarily on single 
crystals of such ionic materials as 
magnesia which display ductility 
in single crystal form and when 
loaded at a relatively slow rate 
The applicability of this phenom 
enon to polycrystalline bodies is 
moot 

The California studies are being 
extended to polycrystalline mate 
rials, the first being extruded rods 
of lithium fluoride. But the attend 
ant publicity may have resulted in 
some misguided optimism among 
engineers. The researchers them 
selves emphasize that such work 
preliminary, and that 
should they be 
developed at all, are a long way 
off 

Nonetheless, the investigations 


1S highly 


ductile ceramics, 


are providing basic information 
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“It vw only in recent years that engineering has been applied to the solution of problems in ceramics.” 


to handle such materials, 
what characteristics are necessary 


on how 


for ductility, and what properties 
control ductility. 


Systems approach promising 


Another, more expedient 
proach has been that of combining 


with ductile 


ap- 
ceramic materials 
materials to form a hopefully duc 
an example of the 
so-called systems approach. Much 
of this done by 


engineers and designers attempt 


tile composite 


work has been 
ing to develop specific hardware 

Two techniques have been used 
The first is 
binder phase with a ceramic phase 


combining a metal 


during sintering, thus producing 
The 
forms ol 


a so-called “‘cermet second 


is combining discrete 
honeycomb, sheet or 


to orm a 


metals (e.g., 
fibers) with the cerami 
mechanical composite 
Success in substantially improv 
strength 
has the 
other hand, such work has resulted 


impact 
limited. On 


ing ductility or 
been quite 
in some startlingly successful im 
otner 
shor k 


and 


provements in properties 


such as thermal resistance, 


abrasion resistance strength, 


as discussed later 


Greater strengths 
can be expected 


prospects fol 
that 


increasing 


Regardless of the 
fail ina 
their 
desirable 


developing ceramik 
ductile fashion, 
strength is certainly 
already 
the 


alu 


Substantial progress has 


been made, as indicated by 


dense, high 


development ol 


mina (99 ceramics with ten 


strengths on the order of 


39,000 psi; and development of 
recrystallized graphites with bulk 
10,000 


strengths on the order of 


12,000 psi, as compared with 1000 


L500 psi tor engineering sizes ol 

conventional graphite 
On the hand, 

from bond 


strengths of ceramics 


other judging 


molecular strength, 
as well as 


metals) should be in the millions 


of pounds pe inch. But, 
according to A. A. Griffith’s widely 
held fracture: 
flaws the 
tend to 


square 


flaw theory of 


within the bulk or on 


surfaces of the material 
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. tet 
WwW 


jent and Chief Cerar naineer x 


The Interdisciplinary Approach 


and What It Means 


Perhaps in no other mate 
field is the 
proach being embraced so rapid 


riais 


interdisciplinary ap 


ly and completely as in the field 
ot ceramics, 

Until 
long history of c 
written by the potter, the 
the 


been 


relatively recently the 


was 


pro 


-ramics 
cessor, fabricator. H« 
now joined by the 


physicist or materials 


State 
scientist, as demonstrated by 
developments in molecular engi 
solid state 


neering of ceramic 


electronic devices. He has also 
been joined by the engineel and 
designer, as demonstrated by dé 
misSii¢ 


velopment of ceramic 


cones and radomes. 

This trend has been discussed 
by W. H. Duckworth, of Battell 
Institute, 
Speaking of th 
sciences, Duckworth 
scientific disciplines 
introduced 


nose 


Memorial writing in 
Ceramic Age. 
basi says 
new 
been 


and tools have 


to ceramics at an increasing 
rate. The Specialized knowledge 
ind tools of solid state physic 
chemistry, mechanical metal 
urgy, 
physics, 
ics and other of the less applied 
} 


are being 


mechanics, radiation 


chemical thermodynam 
scientific disciplines 


more actively engaged in c 


ramic research.” 
Speaking of applications re 
ars h, Duckworth 


*h to bring about new uses 


says: “Re 


for ceramics has also required 


an interdisciplinary approach 
Such an approach involves engi 
nee! o! technologists who un 
lerstand the conditions of serv 


ice as well as those who und 


stand how to modify existing 
ceramics or how to develop new 
ones that meet the requirement 
of the new use.” 

What will be significant to th« 
this merging of 


disciplines is the welding of th« 


end user in 
entire field of application of ce 
into a unified, 
Ultimately ce 


ramic application will no 


ramic materials 


ational science. 
longer 
rest on empiricism, but will bs 
based on a fuller understanding 
of the relationship between basic 
and performance, 


make it 


structure 


which will possible to 


ENGINEERING 


predict the 


given 


performance of 
structure, 

The future for 

tailor-made ceramics 

the re 
structure 


An understanding of 
lationship between 
and performance is the first step 


; 


oward “engineering” a _ struc 
ture to provide a desired type of 
performance, i.e., molecular en- 
This 
practicality in the 
field. 

motivation for such an 
Duckworth 
by and large 
market a 
material developed for a specific 


gineering. approach has 
proved its 
electronic materials 

The 
approach exists. As 
points out, “ 
it is a lot easier to 
use than to have a new material 
and try to find what it is good 
for. 


better 


Certainly there is a 


chance of success (with 
this approach) than in taking a 
material to 


‘What can we do 


new the end user 


and asking 
this stuff?’ 


But the 


with 
development of a 
knowledge of structure 


basic 
sufficient to produce such ma 
terials is still far off. 

workers 
mistic. For example, C. 


Some are quite opti 
G. Har 
man, of Gladding, McBean & 
Co. feels that in the near future 
appropriate portions of previous 
research be 


exploratory will 


completed and correlated to 


yield a sound basis for a relia 
ble relation between basic struc 
ture and performance. 
feels that 
the 
and secondary parameters that 


dielectric, 


1 
work 


the 
predominant 


Harman 
will establish 
control mechanical, 
and erosion and corrosion char 
acteristics, as well as age-stabil 
ty. Initially, of 
properties will only be 


course, some 
predict 
able in an 
e.g., 
ties 


approximate manner, 


those sensitive to impuri 


and impurity centers, and 


to spurious factors caused by 
electronic, 
magnetic effects. 

But the direction has been es 
tablished. As J. R. Tinklepaugh, 
of Alfred University, says, “Fu 
ture high performance structur 


poorly understood 


and radiation 


al ceramics will be 


from the atom up.” 


developed 





concentrate applied str sses; as 


stressing proceeds, a critical con 
dition 1s reached in a small volume 
Lhal Causes a submi« roscopic Crack 
linus 


ol tne 


LO propagate spontaneously. 


tne theoretical strength 


material 1s reached only locally. 
To improve tne strengtns ol 
ceramics, the important thing, ac 
cording to DVuckworth and Rud 
iS to improve the presently 
impertect understanding of crack 
iniuuation and growth. These may 


be te by dilterent 


many 


types OL inhomogeneities, pores, 
grain boundaries and inclusions, 
tion just a lew tactors. 

size also has been found to 

affect strength, strength generally 
aecreasing With increasing grain 
a paraagox. increased 


+ 


nring reatment re 


oO Increases 


problems in 

trength ceramics is 
lack of agreement as 

th is afiected by the 

severity distribution. The 
iw theory of fracture can account 
the scatter in strength values 
iined tor a given ceramic Ma 
terials. But no agreement can be 
iound on how the severity of 


flaws and distribution of flaws 


affect 


Basically, theories fall into two 


the body strength. 
general classes 


l. The 


“‘weakest-link” approach, 


I 
widely accepted, holds that 


ture of the single most severe 
results in total fracture of 
specimen 
2. The other theorie hold that 
total fracture need not result from 
ile flaw. Fracture of a single 
results in a redistribution of 


stresses, total fracture then 


curring when the remainins 
terial can no longer carry 
distributed load. 

In looking ahead it might be 
fair to say that substantial im- 
provements in strength of ceramic 
materials will come only through 
understanding of the struc- 


materials 


bette r 


ture of polycrystalline 
nd i relation to performance. 


With thi 


ing techniques will also be im- 


understanding, process- 


obtain the structure 


pro ed to 


necessary for maximum strength. 


Systems approach 
shows results 
Although 
the systems approach centered on 
ductility, 


properties 


original interest in 


improve- 
have 


creation of 
ments in other 
shifted the emphasis of develop- 
work. In _ fact, 
searchers now feel that this ap- 


ment many re- 
proach is one of the most inter- 
developing ( eramic 
with 


esting for 
materials specialized per- 
formance capabilities 

Although many different types 
of composites have been investi- 
gated, at present the three types 
of greatest interest are cer- 
mets, 2) “mosaic’’ ceramics, and 


3) fiber-reinforced ceramics 


Cermets well established 


The “ups and downs” of cer- 
mets have been widely reported. 
Too often such materials have in 
effect combined some of the worst 
properties of each component. But 
dissatisfaction with cermets has 
been primarily on the part of 
those seeking the heat resistance 
of ceramics combined with the 
ductility of metals for structural 
applications. 

On the other hand, many cer- 
mets (e.g., bonded carbides and 
oxides 


some 


have provided, along with 


useful increases in im- 
pact resistance, improvements in 
strength, hardness, rigidity, and 
wear and abrasion resistance 
Such materials have been widely 
employed in cutting tools, extru 
sion and heading dies for metals, 
impellers for abrasive and corro- 
sive slurries, valve and pump seats 


and seals, and gas turbine buckets 


Mosaics resist shock 


The mosaic approach is typified 
by use of a metal honeycomb 
structure, each cell of which 
filled with ceramic. One of the 
earliest successful types was Av- 
coite, developed by Avco Corp. for 
missile nose cones 

Each cell of 


enough to prevent fracture due to 


ceramic is small 


thermal shock, and the metal cell 


walls provide sufficient ductility 


to compensate for the small 


amount of thermal expansion 





by 


Armour Research Foundation 
Radical improvement in 
strength can only come from better 
understanding and control of micro 


structure. This 


usable 


press is used un 


Armour’s inve stigations of brittle 


materials fracture. 


heating, This system 


was designed for short-term, ultra 


caused by 


high temperature use, the maxi 
mum exposure time being limited 
by the metal component. 

A similar approach for longer 
term service is reported by Sterry 
of Boeing. One face of a honey 
comb of paper or wax is anchored 
in a ceramic plate, and the cells 
filled with ceramic. Each cell core 
of ceramic is long enough or thick 
enough so that the transition in 
section size from the end to 
the base plate is gradual enough 
to prevent thermal shock failure. 
The paper or wax is burned out 
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“The limit on strength of a ceramic of any given composition is imposed today by 


facture used, which fix the microstructure.” 


either prior to or during service, 
leaving an all-ceramic structure. 


Fibers add to strength 


Fiber reinforcement of ceramics 
has received much attention and 
appears promising for improving 
strength, mechanical shock resist 
ance, and thermal 
There are two relatively distinct 


properties 
approaches: metal! fiber reinforce 
ment where structural and ther 
mal requirements predominate, 
fiber 
where electrical requirements aré 


and quartz reinforcement 
imposed on top of structural re 
quirements. 

Most work on metal fiber rein 
forcement has consisted of hot 
pressing metal fiber or a metal 
fiber mat with an oxide cerami 
so that, while cooling, the metal 
fiber is stressed in tension, the 
ceramic in compression, resulting 
in a desirable prestressed condi 
Although few 
data are available as yet, the ap 


tion. performance 
proach appears promising. 

With quartz fiber reinforcement, 
most work has consisted of fabri 


cation by filament winding tech 


niques similar to those used for 


reinforced 
most interesting experimental re 
sults to date, as reported by Plant, 
et al, of General Electric, is a 
quartz-fiber-reinforced aluminum 


phosphate system Produced by 


filament winding and low pres 
sure, low temperature cure tech 


niques, composites retain S00U 
9000 psi flexural strengths after 
aging 6 hr at 1300 F. Such work 
Main prob 


matrix both 


is still developmental 
lems: the ceramic 
corrosively attacks the fibers and 
lacks enough elongation to permit 
the fibers to assume maximum 


stress 


Ceramic fibers promising 


Stimulated to a great extent by 
promising results in  fiber-reir 
forced composites, much work has 
been devoted to development of 
ceramic fibers. Fibrous forms oi 
both single crystal and polycrys 
talline materials have strengths 
more closely approaching the theo 
retical than any other form 

In terms of commercial ceramk 
fibers, the surface has not been 


scratched At present, ceramk 


plastics One ot tne 


the methods and conditions of manu 
~— titute 


fibers of appreciable length are 
limited to glasses, quartz, alumi 
num silicate and graphite. 

been re- 


Investigations have 


fibrous single crystal 
(ALO. ) 


strengths of about 


ported on 


sapphire with tensile 
3,000,000 psi; 
work has also been reported on 
polycrystalline alumina, beryllia, 
zirconia, and silicon carbide. 

Harman, “The 


next decade will bring dramatic 


According to 


advancements in ceramic fibers 

Polycrystalline fibers (actu- 
ally small ribbons) prepared by 
evaporating salt solutions and 
oxide sols will grow in importance 
and value. ... At present maxi 
mum tensile strengths of such 
micro-ribbons are in the range of 


60,000 psi Improve 


10,000 to | 


ments in this respect will be made.”’ 
Such 


have immediate uses as high tem 


ceramic textiles would 
perature filtering media, etc., but 
their uses as reinforcement for 
both metals and plastics, as well 
as other ceramics, holds out the 
materials 


promise for composite 


of radically improved, nonbrittle 


strength. 


Processing: better control of structure, lower cost 


Of critical interest to engineers, 


designers and materials specialists 
are developments in processing 
that will 1) 


microstructure, and 2) reduce per 


improve contro] of 


part cost 


Microstructure a 
key to performance 


As emphasized before, micro 
structure of a ceramic is all-im- 
portant in determining its engi 
neering properties. The limits or 


strength properties of ceramics 
today are imposed by the methods 
and conditions of processing the 
ceramic, which establish its micro 
structure 

In addition to strength, micro 
structure has a critical effect on 
certain electrical properties. Ac 
cording to G. Economos, of Massa 
chusetts Institute of Technology, 
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toneware 


Critical requirements for performance under severe environmental condi- 


tions are turning more materials men to ceramics. This acid-proof high tem 


perature gear pump is 


“The 
ture (on electrical properties) of 


importance of microstruc- 


ceramics has not been stressed 


ENGINEERING 


made of a high alumina ceramic. 


adequately in the past.” He cites 
an ASTM study in which one lot 
of barium 


titanate powder was 





distributed among five manufac 


turers who followed explicit in 


body preparation 


their 


structions on 


but permitted to use 


own firing schedule. Variations in 


were 


capacitance values were as large 


as 19% between producers, and as 


large as 7 among specimens pro 


duced by a single producer 


Increased control of equipment 


In general terms, there has 


been substantial progress in de 


veloping better techniques and 


equipment for processing cerami 
materials. Such techniques as iso 


static (hydrostatic) pressing and 
hot pressing, combined with more 
closely controlled firing equipment, 


large 


ity, plus control of structure. 
According to W. W. Perkins, of 

U.S. Stoneware, “Improved press- 

and mixing 


es, extruders equlp- 


ment enable more to be done in 
shorter time, with far 
than thought 
Also, 


being 


greater re 


pos 


producibility, 


sible a few years ago. many 


massive shapes are made 


today which contain no clay or 


other natural plasticizing agents 
This was unheard of not long ago.” 
But 


improvements, the maximum bene 


despite these continuing 


fits of greater control over struc 
| 


ture cannot be realized until more 


is known about the effect of 


bask 


structure on performance 


Two major developments 





to be two specific techniques for 
controlling structure that may 
provide substantially improved ce- 
ramic materials. Briefly, they are: 

Hot pressing sintering 
Although hot pressing is relatively 
well developed as a_ laboratory 
tool, it is little used in commercial 
The major benefit it 
offer closer ap- 
proach to theoretical density 
(minimum porosity) while at the 
same time minimizing grain 
growth. Such a combination should 
result in higher strength, with 
greater reproducibility of quality. 

Nucleation Nucleation and 
crystal growth in a glass material 
can produce a polycrystalline, so- 
According to 


and 


production. 


appears to is a 


called glass ceramic 


have 


ments in 


permitted improve 


reproducibility and qual In looking 


What Are Ceramics? 
definitions of “ceramics” 
This 


lailzed 


There are almost as many 


there are ramists and ceramic engineers 


; 


undoubtedly due to the segmented and spec 


cerami« hustry 
Ameri 


» defined as thos« 


an Ceramik Society, ce 
manutactured 


at on raw materials, most of 


rthy nature (as distinct from 


of the c 


eiement Si 


which are of 
onstituents of 


organic, ~), while 


metallix . 


thes« aw materials, the chemical icon, 
and the compounds thereof 


together with its oxide 


(the silicates), occupies a predominant position,” 


Such a definition is certainly broad, and possibly 


suitable for an industry that includes 


e only one 


materials the way from lime and gypsum 


ranging a 
to abrasives. 
Engineering classification 

ials car he groupe | 
intended 


For our purposes, ceramic mate! 


by type of performance for which they ars 


Thus, ceramic engineering materials include: 
1. Electrical and electronic ceramics—Ceramic ma 


f their ability to serve as a 


terials selected because 
dielectric, such as steatite, alumina or forsterite; as 
as graphite or carbon; or as a 


such 


a conduc tor, such 


State electronic component, as a magnet, 


solid 
a thermoelectric element or a transistor. 


2. Refractory ceramics 


Ceramic materials selected 
heat, 


because of thei ability to resist 


which include both 
“technical” refractories used for missile throat 


primarily 


furnace refractories and the 


liners 
and nose cones. 

Ve chanical 
ted primarily because 
istic, such as strength, rigidity, hardness, or abra 


ceramics—Ceramic materials selec 


of some mechanical characte? 


ahead, 


there appear a. a. Stooke Y, of 


osion resistance. 


al ceramics—Ceramic materials selected 


y because of their light transmission or re- 
fraction characteristics. This group includes, in addi- 

ventional glasses, the variety of materials 
transmission characteristics in 
than those of visible light. 


Ceramic materials 


thei: 
ithe 
cal resistant ceramics 
to chemicals 


primarily for their resistance 


types. This type often overlaps refractory 


re the requirements call for resistance 


erials of various types. 
relatively 


new group, 


because of 


ceramics A 


rials are selected primarily 
to perform a variety of functions in 
ld. They include materials serving as 
fuels, c rols, and shielding. 


Semantic no-man’s land 


number of materials lie in limbo, not eas 
1 into the accepted classifications of engi 
neering m rials. Actually, the classification itself 
latively unimportant, as long as terms used are 
For example, many would not classify graph 


amic; some would not even classify glass 


lefined 
as a ct 
1 ceramic. We 
Probably the best example of not easily classified 
is many of the solid state electronic mate- 
compound semiconductors, such as bismuth 
telluride, are 


include these materials here. 


materiais 
rials. The 
arsenide and lead 
examples. Actually intermetallic compounds, 
they have often fallen into the category 
partly because of the reluctance of many conventional 
metallurgists to accept them. Another contributing 
factor has been the fact that applications research 
such materials has previously 


telluride, gallium 


prime 
ceramic 


in areas of use for 


involved eramic materials, 
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“ 7 , 
We believe that processing 1s one area u here more progress vill he made next pve years than has been made 


in the ceramic industry for the past twenty .. .’ 
filling 
complex 


Works, such an approach: 1) per hydrostatic and hot pressing 2. The method of mold 


mits use of simple glass-forming 
techniques, which can also permit 
fabrication of difficult 


techniques. permits production of 


Neff believes that ceramic prot parts impossible to produce eco- 
essors might well take a good look nomically in large quantities by 


shapes, 2 


permits use of new compositions at plastics processors in their us other methods 


techniques 3. Part-to-part reproducibility 
] I 


of dimensions is greater than that 


tomake ceramic structures, and 3 of injection molding 


improves properties by eliminat And possibly one of the most 


ing porosity, minimizing shrink promising developments in high economically possible by machin 
; I | : ; 


age and distortion of production ceramic processing is Ing 


providing uniform fine in struc the result of just such a look 1. The mixture materials 


tures used is less sensitive to such proc 


as moisture and 


T : Injection molded ceramics 
ie end result is high strength, C58 


Although the use of the humidity 


variables 


reproducibility, and new combina than mixes 


tions of physical, electrical and tion molding technique for forn used in dry pressing and extrud 
chemical properties ing ceramics is not new, acco! ing; consequently closer tole 


ing to MIT’s W. D. Kingery, 
limited in the 


ances are possible 


Although 


such progress in pro 


Higher volume, use has been 


lower cost 


Contrary to the 
unfamiliar with 
mated techniques 


widely used for forr 


ceramic parts 
particulal 


pressing techniques minimize cost 


by major problems in body formu ssing noteworthy 


lation, the large further 


amounts of ré¢ 
control of th , this in itself 


ly 


tructural pote 


ins required, and 
firing process nt to substantial 


Recently, one company 


developments th ermit basi problems 


proce 
it to produce a wide rang oly the moot 
ramic compositions by this met! betwe purity of 


economically and in larg: t ar rength, and 2 


future 


remall! 


because, as Neff points out, “one ties—and in other thar rstanding of 


done shapes hanism of fracture 


. , 
Ra? “AoUupn, 


simple 
According to R 


Lava Corp., 


of the most expensive things 


In processing ceramics 1} olutions to 


water in and to take it out again.” American benefit f prob] the better « 


Dry ceramic materials, along with the process include the followi! processing 


suitable binders, are 1. Automatic molding in multi rt in develoy 


molded both or 


oI rotary pre 


organi 


automatic punch cavity molds greatly reduce known to provid 


part cost performance dema 
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New “Product Improvers’ 


Since silicones can improve the quality 
of many components you buy, it may 


pay to pass on your silicone savy to 


your suppliers. For example, silicone 
additives can make a big difference in 
the quality of and 
polyurethane foams — two materials of 


product 


plastisol coatings 


promise in the 
Here’s how — 


considerable 


design field. 
Plastisol Coatings—Is the coating uneven 


or wrinkled? Does it have pinholes or 
Weak 


exude rust discoloration 


cavities spots allow moisture to 
penetrate 
eventually chip off or flake away to expose 


bare metal. Why 
problem when your supplier can eliminate 


I 


tolerate this unnecessary 


Dow Corning Silicones in 


by including 


his formulation? 


Silicones speed deaeration prevent 


bubbles cause plastisols to flow faster 


and more evenly. Silicones make possible 


thinner, lighter coatings free of cavities, 


pinholes and other weak spots. In many 


products such as furniture coverings and 


bushings, silicones give added “‘slip”’, 


improve mar and scuff resistance 


Both dishes were filled at the same time with 


the same plastisol solution, but a silicone 
additive was added to the solution before it 
Note the ab 


in this dish 


was poured into dish at right 
sence of bubbles (entrapped air 
Polyurethane Foams—Whether you use 
rigid or flexible foam silicone additives 
can prove invaluable in helping your fabri- 
cator supply you with a high quality, low 
that has uniform cell struc- 
that 


other 


foam 
after 
fills, 


density 


ture, time time is free of 


partial blowholes and defects 


Your supplier will find Dow Corning sili- 
cone additives are economical, too, because 


lower concentrations up Cont. Px 


FOR DATA RELATING TO THESE ARTICLES, CIRCLE REFERENCE NUMBER IN COUPON ON NEXT PAGE 
OR REFERENCE NUMBER ON READER SERVICE CARD 


trans¢ 
tr-@ 
“Moetic 


edi 


> 


HASN'T STUCK 


Q: “How to 


rollers?” 


: “Make them 
Corning silicone rubber”, 
to design and development 
neers in the Ozalid Division of Gen- 


get stick-proof rubber 


of Silastic, the Dow 
according 
engi- 


eral Aniline and Film Corporation. 


famous Transfer-a 


and 
During field tests of early 


Ozalid 
matic 


produces the 
copying machine for office 
engineering use 
prototype models, the 
copy paper sometimes stuck to the rubber 
that 
solution as the 
bath. The 
jammed machine 


after the 


sensitized side of 
squeeze off excess developer 
paper 


result was 


rollers 
emerges from the 
paper or a 
The problem was espe- 


torn 


cially acute rollers had dried 


during periods of idleness 


Here's how the Special Products Engineer 
ing Group at Ozalid described their solu 
‘On the recommendation of a Dow 
Corning sales engineer, we had 
Silastic After 
models, we put the 


tion 
some test 
made of installing 


on prototype 


rollers 
them 
rollers) thru 


machines (and 


that 


service 


operational 


were much more severe than 


be. The 
rollers made of Silastic came through with 


tests 


actual would squeegee 


flying colors 


“The 


rollers 


sensitized stripped off these 


paper 


without the slightest hesitancy — 


. 


under all conditions tested. What's more, 


rubber 


solution reacted on each other 


neither the silicone nor the devel- 
oper And 
no discoloration of paper has been noted 
As a result, Silastic rollers are now stand- 


ard equipment on all production model 


Transfer-a-matic machines.” 


Performance like this is typical of Silastic® 
that 


exposure to 


resilient 
many 
cold, and 
weathering. For information about 
Silastic rubber companies 
manufacturing parts made from this sili- 
No. 241 


the silicone rubber remains 


and tack-free despite 


fluids, chemicals, steam, heat, 
more 


and a list of 


cone rubber, circle 


MORE 
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Announcing New 
Customer Service 


A new customer service facility has been 
established by Dow Corning to render complete 
and comprehensive engineering service to end 
users and fabricators of parts made from 


SILICONE MOLDING COMPOUNDS 


Dow Corning developed the first silicone molding 
compounds about 1948. Since then, our R&D 
people have produced several excellent mate 
rials, noted for their resistance to high and 
ultra high temperatures Thanks also to out 
standing physical and electrical properties, these 
compounds have gained specification in a wide 
variety of commercial and military applications 
In recent years the performance demands placed 
on silicone molding compounds have become 
increasingly severe. To meet these more exact 
ing requirements, weve turned more and more 
to custom compounding 

This, plus the obligation we have to fabricators 


to help them mold these custom compounds, led 


t t j j us to the establishment of the new ASG (Appli 
cation Service Group) Molding Compound facil 
ty For full information on Silicone Molding 


Compounds and the unique engineering service 
Taped TV lectures will become standard t roduce a three-phase available from Dow Corning, circle. . .No. 243 
classroom fare in hundreds of schools in rmer rated at 35 KVA 
six Midwest states as Fall semesters supply the KV 
get underway Their point of origin: otal weight of 3 transformers and 
two airborne DC-6’s converted by West- nts: 165 pounds 
inghouse engineers into powerful, 

k Boost Transformer. Three 

aerial, transmitting centers 


' 


nits are wired together to pro 


. f) ‘ . ot ] i ’ r 
WOU ‘ ° » i three-phase transformer rated a 


9 KVA. Total weight: 50 pounds 


hoke Iwo units witl 
7 
enry at 3 amperes are used | 


pply. Total weight: SO pounds 


forced-air cooled and the 
ooking hoy f \ thts g n above 1 > the weights 
Westinghe engineer of the cooling ducts 


components design engineer SILICONE ADDITIVES 


ngnouse Air Arm estimates the 





' to 25 less produce consistently high 
lated transformers weigh only ; : 
, quality foams with uniform cell structures 

is they would if they were 
lated. They help appreciably Why not suggest these silicone “product 
down the total weight of the improvers” to your suppliers? You'll get 


equipment srovide the better components produce better 
Among tl 


in dependable operation For products. For more detailed information 
Dow 


information explaining why it will about silicone additives for plastisols, 
single pay you to investigate Dow Corning sili circle . .No. 244. For details about poly- 
combined C insulation, circle No. 242 urethane additives, circle......No.245 
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Physical Properties of the Metals 





Latent Heat |Latent Heat of| 
Density, Melting Boiling of Fusion, | Vaporization,| Elec Res, Ther Cond, 
Metal # lb/cu ft Pt, F Pt, F Btu /ib Btu/Ilb | microhm-cme | Btu/sec/sqft/°F /in. 





Aluminum 168.6 1220 3735 171.5 4070 2.83 | 0.42 
Antimony 417 1167 2624 69 690 41.7 0.0363 
Arsenic 357.7 1503 1130" 159 33.3 

Barium 218.5 1310 2732 1130 

Beryllium 114.9 2343 5378 66 10650 5.88 0.31 
Bismuth 611.8 520 2691 23 368 | 106.86! 0.0161 
Boron 146.1 3812 4622 | 775x10 | -- 
Cadmiun 540 609 1413 23.8 516 6.83 0.085 
Calcium 96.8 1562 2624 2038 4.24 — 
Cerium 423.3 1460 4383> 27.2 60-89 

Chromium 445.7 2822 4500 145 2658 13 0.133 
Cobalt 556.9 2719 6422 111.5 2700 5.68 0.11-0.137 
Columbium 535 4380 5972 13.2 — 
Copper 559.4 1981 4703 ; | 2060 1.72 0.76 
Gallium 372.7 85.5 3600 1825 56.8 0.0565-0.0725 
Germanium 332.1 1756 4892 203 2970 60x 10° | - 
Gold 1204.9 1945 5570 d 747 2.44 0.57 
Hafnium 817.2 3865 9752 . 32.4 — 
Indium 456.4 313 3632 12.7 870 | q 0.046 
Iridium 1399.7 4450 9572 - 49 0.113 
Iron 491.3 2804 4955 122.3 2730 0.153 
Lanthanum 386.4 1535 1667 ¢ : | — 
Lead 708 621 3123 10 366 0.067 
Lithium 33.1 367 2437 : 9200 0.137 
Magnesium 108.6 1204 2017 16 2408 0.298 
Manganese 464.5 2273 3800 114.8 17600 }; o— 
Mercury 845.9 38 675 125.3 | 0.0161 
Molybdenun 636.8 4716 8672 12¢ 2410 0.308 
Nickel 555.6 2651 | 4950 128.8 2680 7.8 0.173 
Osmium 1403.4 4892 9932 9.5 
Palladium 150.4 2829 7196 10.8 0.137 
Platinum 1339.1 3223 8154 3.2 985 10.6 0.137 
Praseodym 424.5 1742 59544 34.6 : 88 _ 
Rhenium 1323.5 5733 10652 16 1470 21 -- 
Rhodium 776.6 3571 8132 4.5 0.169 
Ruthenium 761.6 4352 8852 7.16-7.6! - 
Samarium 432.6 2462 

Selenium 300.3 422.6 1270 12 0.000565-0.00143 
Silicon 144.8 2570 4496 l 15 x 10%¢ | 0.161 
Silver 654.9 1760.9 4014 | 0.786 
Sodium 60.6 208 1621 49 0.26 
Strontium 162.3 1418 2516 45 

Tantalum 1036.3 5425 9572 2. 0.105 
Tellurium 389.6 846 2534 13.3 200, 0.0113 
Thallium 139.8 577 2655 : 18! 0.075 
Thorium 730.4 3348 8132 

Tin y 455.7 449 4118 l 11.5 0.124 
Titanium 280.9 3074 6395 1s 0.33 
Tungster 1204.9 6080 10652 j 8! 0.25 
Uranium 1189.3 2071 7100 0.0565 
Vanadium 381.4 | 3452 5432 - 0.0597 
Yttrium... 270.9 2646 — — 

Zinc 445.8 787 1663 0.212 
Zirconium 405.8 3326 9032 - 0.0323 


*Sublimes. b+126 e+270. 4+160. 68 F 
ree: Rare Metale Handbook, Reinhold Publishing Corp., 1954 
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FATIGUE 


TESTING MACHINE 


From links of chains to wings of planes 
FATIGUE TESTING W/TH COMPLETELY AUTOMATIC CONTROL 


A fully automatic programer multiplies the versatility of the first machine 
to combine static and dynamic testing in a basic system of components 
Endurance limit tests on either standard specimens or entire structures can 
be programed according to pre-set load levels, frequency and number of 
cycles. The automatic program unit governs cycles varying from 10,000 to 
10,000,000 before repeating. Manual control can take over at any point in 
the test program to apply severe overloads at random intervals. RIEHLE-LOS 
Hydraulically Actuated Fatigue Testing Machines offer dynamic capacities 
of from 12,000 to 300,000 pounds. 


GENERAL PURPOSE TESTING CYLINDERS permit the application of flexural 
stresses to complete assemblies, such as aircraft wings and fuselages; hull 
sections of ships; engine parts; bridge girders and concrete beams. Loads 
of varying frequency and magnitude can be delivered either simultaneously 


or in sequen e 


Riehle’° 


RIEHLE TESTING MACHINES DIVISION OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 


Divisions of American Machine and Metals, Inc. 


TROY LAUNDRY MACHINERY ¢ RIEHLE TESTING MA 

CHINES . DE BOTHEZAT FANS . TOLHURST CEN 

TRIFUGALS @¢ FILTRATION ENGINEERS «¢ FILTRATION 

FABRICS . NIAGARA FILTERS . UNITED STATES 

SAUGE «© AUTOBAR * AUTOMATIC DEVICES « LAMBS 

ELECTRIC COMPANY . HUNTER SPRING COMPANY 
GLASER STEERS CORPORATION 


RIEHLE TESTING MACHINES Dept. MDE-96! 


NEW BULLETIN describes 
the RIEHLE-LOS Hydraulically 
Actuated Fatigue Testing Ma- 
chine — complete with speci 
fications, accessories and 
hydraulic flow charts. Mal ; 
COUPON. FOR YOUR COPY —— 


CUMPANY 


Division of American Machine and Metals, Inc., East Moline, Illinois 


Please send Bulletin RF-2-61 rienie-Los Fatigue Testing Machine. 





ADDRESS 


CITY @ ZONE 








For more information, turn to Reader Service card, circle No. 322 
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... AT A GLANCE 


Galvanized sheets up to 72 in. wide are now being produced by Armco Steel Corp. 
on what is claimed to be the “widest continuous sheet galvanizing unit ever built.” 
The new $8 million galvanizing line has an average capacity of 30 tons of zinc- 
coated sheet or coil per hr. 


Production of polyethylene film is being doubled at Du Pont’s plant in Rich- 
mond, Va. When the expanded facilities are in full operation about the middle of 
1962 the plant will have a capacity of more than 60 million pounds per year. 


Steel production for the first half of this year amounted to 44,860,000 net tons, 
compared to 60,750,000 tons for the first half of 1960, according to the American 
Iron and Steel Inst. Shipments of finished steel products for the first six months of 
1961 totaled 31,230,000 tons, 27% less than the 42,850,000 tons shipped during 
the same period of 1960. 


More polypropylene will be available when Dow Chemical Co., AviSun Corp. and 
Enjay Chemical Co., Div. of Humble Oil & Refining Co., open new and expanded 
facilities this fall. AviSun’s new plant at New Castle, Del. has a rated capacity of 
100 million pounds per year. Enjay says its polyolefin plant at Baytown, Tex. is being 
expanded by approximately 50% from an initial rated capacity of 40 million pounds 
per year. Dow has not given production figures but says it expects its Torrance, 
Calif. plant to be in full-scale production this month. 


Powder metal parts up to 5 ft long and 12 in. in dia are being marketed by 
the Carmet Div. of Allegheny Ludlum Steel Corp. The parts are made on a new 
hydrostatic press that exerts 50,000 psi. 


A new steel sheet for one-coat porcelain enameling has been put into commer- 
cial production at the Lackawanna, N. Y. plant of Bethlehem Steel Co. The steel 
sheet is called Bethnamel. 


A price cut on man-made natural rubber (polyisoprene) has been put into effect 
by Shell Chemical Co. New price is 26¢ per lb in truckload lots, down 2¢ per lb. 
Shell has a 40 million-pound-per-year polyisoprene plant in operation at Torrance, 
Calif. and is building a new plant at Marietta, Ohio with a capacity of 80 million 
pounds per year. 


Commercial production of mill products of columbium, vanadium and a new 
columbium alloy (see p 162 this issue) has been announced by Haynes Stellite Co., 
Div. of Union Carbide Corp. The metals are produced as rod, bar, wire, strip, sheet 
and plate. 
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What's News In Plastics... 


| ide 
range of molding applications such as high strength 
and impact resistance in renin dash boards 








in vaporizers ...0w water pick-up in distributor 


caps <2) ... outstanding dynamic fatigue resistance 
for “living hinge” in accelerator pedals 
snap-fit closures” fas 

chemical AX resistance plus high gloss, surface hard- 
ness, and quality “feel” in dinnerware <—2. All avail- 
able for Volume production — tMeriseofproducts made with Bscon poly. 


propylene is growing every day. Try this 
re. versatile molding material for your r prod- 


at low Qe Cost. uct. For full inf yrmation write to Enjay 





15 West 51st Street. New York 19. N. y. 


EXCITING NEW PRODUCTS THROUGH PETRO-CHEMISTRY 
ENJAY CHEMICAL COMPANY 
A DIVISION OF HUMBLE OIL & REFINING COMPANY 


fer mere information. twm te Reader Service card, circle Me. 350 
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Chanae ss 


Prices of Materials 


nee last semi-annual report in March are bold-face d; *indicates a price decrease 





NONMETALLICS 


Prices for large quantities fi 


i grades, color, sizes; ag 


RUBBER 





Material 





Butadiene-Acrylonitr 
Butadiene-Styrene 
Butyl 

Kel F 

Natural® 

Neoprene 
Polysulfide 

Silicone 

Urethane 

Viton 








REINFORCED PLASTICS 
LAMINATE SHEET 





Type 





Paper-Base Phenc 
(XP. PC. XX. XXF 
XXX. XXP) 
Cotton Fabric-Base 
Phenolic (C, CE, L, LE) 
Asbestos-Base Phenoli 
(A, AA) 
Glass-Base Phenol 
Glass-Base Melamine 
(G-5) 
Glass-Base Silicone(G-7) 
Nylon-Base Phenc 
(N-1) 








THERMOSETTING PLASTICS 





Molding 


Material Compounds 





Alkyd 
Epoxy 
Melamine 
Phenolic 
Polyester 
Silicone 
Urea 








60 solids cont 


mate and given 


All prices are approx 
solely for general guidance of those 
for 


reaponsible materials selection. 


THERMOPLASTICS 





Material 





tal 
Acrylic 


Chlorinated F 


Cellulosic 
Acetate 
Butyrate 
Nitrate 
Propionate 


Fluorocarbon 
CFE 
TFE 


Nyion 
Polycarbonate 
Polyethylene 
Polypropylene 


Polystyrene 





20-22.50 


l 








NONFERROUS METALS 


base 


Mill 


prices fo 


ALUMINUM 


b exce pt 


u he re 


LEAD 


indicated 





Material 


Ingot 


Sheet 





Primary(99-99.99 


43, 214 
F, 3003-f 


0) 





Common Grade 
Sheets 


ll 
16.50 





aRo 


MAGNESIUM 








Form 





Sheet, Strip 
Seamless Tubing 
Rod (not f.c.) 


Wire 





NICKEL 





Form 


Monel 





ingot 

Rod 

Sheet, C.R 
Strip, C.R 
Seamless Tube 





1.16 95 
1.47 1.26 
1.33 1.14 


Material 


Ingot Sheet 





Primary (99.8%) 
AZ91B (die casting) 
AZ9IC (sand casting) 
AZ31B (std grade) 
AZ31B (spc grade) 


36-.37 
37 
4] 
69-1.03 


97-1.71 





Plate 





Thickness rang« 
Thickne range 


2-0.188 in 


COPPER 





Ingot (elec) 


Sheet, Strip (hot roiled) 


Seamless Tubing 
Rod, Drawn 
Wire 

Round 


Square, Rectangular 


Magnet 


31 
56 
57 
93 


36 
9 
46 





(more prices on p 148) 
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Nylon has been proven in service 
as an outstanding bearing material 
because of built-in lubrication, 
ability to withstand abrasive and 
corrosive environments, and me- 
chanical strength. And MC* nylon 
newest of the nylon family, is more 
adaptable than any and most 
economical of all. Tubular bars, 
for example, cost less than other 
nylon formulations . even less 
than continuous cast bronze. Plate 
and rod sell at prices under com 
petitive nylons 


POLYPENCO MC nylon has pre- 
mium properties similar to nylon 
101 with outstanding wear life, 
strength and resistance to defor- 
mation under load. Typical appli 
cations: rollers, bearings, bush 
ings, gears, cams, forming de 
vices, wear plates, tooling and 
general structural wear parts. 


AVAILABILITIES 
TUBULAR BAR: 2”-15" 0.D. 
SOLID ROD: 3"-24" 0.D. 
LARGE PLATE: '4"-6" Thick 


SPECIAL SIZES AND SHAPES 
ON REQUEST 


*Trademark of The Polymer Corporation 


THESE MASSIVE 
NEW NYLON 
SHAPES CAN 

SAVE YOU MONEY! 


IN BUSHINGS 


Non-scarring work holder bushings for disc grinding 
roller bearings 


IN BACK-UP ROLLS 


5” 1.0.x 7" 0.D. x 13” long back-up rolls for die cutting 
outline and patterns of paper place mats and lace 
doilies save $2000 per machine in cost of rolis 
alone replacing Kraft paper rolls 


IN DRIVE ROLLERS 


Support rollers for end grinding roller bearings. 


THE POLYMER CORPORATION 


OF PENNSYLVANIA 


Reading, Pennsylvania 


é: ngtineered Industrial Plastics 


EXPORT: Polypenco, inc., Reading, Pa. 


STOCK SHAPES « MOLDING RESINS e SINTERED PARTS ¢ WHIRLCLAD® COATINGS 


For more information, turn to Reader Service card, circle No. 418 
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TITANIUM 





Sponge (99.3+-%) 1,50-1.60 
Bars, Rod 3,80-6.25 
Plate 5.25-9.00 
Sheet, Strip 6.75-15.50 
Wire 5.55-9.50 








Prime Western 

Die Casting Alloys* 
Sheet 

Ribbon 

Plates 





*Alloys 2, 3, 5 


NONFERROUS POWDERS 





Aluminum® 

Brass* 

Cobalt 

Copper (elec or red.)* 

Molybdenum (98%) 

Nickel 

Tantalum 

Tungsten (C-red. 98.8%; 
Ho—red. 99+ %) 

Zirconium 
Flash Grade 
Electronics Grade 





aPrice for 


bFreight allowed 


100 mesh Delivered price. 


OTHER NONFERROUS METALS 





Cadmium (bars) 1.60 
Columbium - 36-55 
Gold $35/troy oz 
Indium (99.97+-%) $2.25/troy oz 
Manganese (99.9%)* 34-36 
Palladium $24-26/troy oz 
Platinum $82-85/troy oz 
Silver 90-91 ¢/troy oz 
Tantalum (sheet, rod) 55-60 

Tin (straits) 1.16 
Vanadium (90%) 3.45* 
Zirconium (sheet, strip, bar) 11-30 





aDelivered price bSpot 





IRONS AND STEELS 
Mill base prices for large quantities 


SEMIFINISHED STEEL (S$/net ton 





Ingots, Alloy 82 
Billets, Blooms, Slabs 
Carbon, Re-Rolling 80 
Carbon, Forging 99.50 
Alloy, Forging 119 
Seamless Tube Rounds 122.50 
Wire Rods $6.40 /cwt 





(more prices on p 150) 





Tt 
fl 
VANHUFFEL = 











LeET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron ts 


much more diversified than the name 





“Brass” implies ... a lot more. In 
fact, because of its many and varied 


facilities . . . its men, methods and 





metals ... Mueller is in the unique 
position of being able to offer true 


single source service 


MUELLER HAS THE MEN exper! 





enced engineers with the ability to 





work out, creatively, tough design 
problems, and improve a part ot 
components for production by the STAINLESS STEELS 





most economical method. You get 


sound engineering plus 44 years of 





Replace costly machined or 
molded parts with formed 


experience when you “Let Mueller ustenit RULON® T 
Make It.” aA , ape. 


practical me talworking production 


Leading manufacturers across the 
country are cutting design costs by 
Mt HE METHODS a ro : Py. ; S 

f{UELLER HAS THE I 101 2 4 stamping or post-forming parts from 
when you “Let Mueller Make It”, RULON (filled TFE) tape. With 
Dixon’s RULON Tape in thicknesses 
are 9 > single s ; . , . 
you are utilizing one single source rter from .004” to .125 


’ 
Dixon offers you pay only for 
Q RULON and whe ) i 
of these wavs as forgings, impact ex ’ at you wWMse You 
103 ‘ , " TEFLON in use a minimum of 


that is able to produce parts any one 


trusions, sintered metal parts, screw on AA , , > material and 
mension ees Seed oul vie * (es reduce costs up to 
nachine products, formed tube o1 meas * tubing 10 to 1. You take 
* sleeving advantage of RU- 
; } * sheet LON’S plastic mem- 
and - ‘ ; +4 * tape ory, too, for tighter 
' wt extruded shapes fits and better seals. 

the materials . to produce pre- , f . 
< ; * bearings RULON Tape gives 
cision parts in aluminum, brass, 4 48 ; © bushings your product these 
° washers performance-improv- 
. ing qualities: (1) low 
hundreds of different alloys to meet 8 ' 4 a9 — friction, (2) high 
* bearing retainers wear resistance, (3) 


° puaiial dad <a d efor — 
: ‘ | moided parts under ioad, (4) wide 
In addition, Mueller Brass Co. has 6 84 : ; temp. tolerance 
(—400°F to +500°F). (5) chemical 
nertness, (6) lube-free operation, 


performing all types of finishing and "Ip , und (7) zero water absorption 
sub-assembly operations. Another 15-7 g )7 ll le Whether you need stamped or post- 
: formed parts for pumps > 
plus value is nation-wide sales eng! a> : ; ; : pa pumr valves, 
I price approx ‘ compressors, bearings, meters, or 


as castings 


MUELLER HAS THE METALS 


bronze, copper, iron, and steel in 


each exact requireme nt 


complete and modern facilities for 








what have you, it pays to rely on 
(1) Dixon’s wide selection of basic 
shapes (in both RULON and Teflon), 
(2) Dixon’s knowledge of fluoro- 
where you fit in the American indus carbon reinforcing agents, and (3) 
trial picture, whether you're making Flectroivtic Iron te Dixon’s facilities for fabricating parts 
‘ a y , to print 
missiles or mowers...and no matte! Annealed (99.5%) 4 
4 See RULON desig 
Ina sale } ‘ , 
Unannealed (99 guide hook Bulletin 


neering ser vice 


So, in the final analysis, no mattet 





; Stainless Stee 1572 in Sweet's rod 
to LET MUELLER MAKE I na + thee, ee Ba peer 
" csign le, « sen 


J 


where you're located, it will pay you 


details for recommenda- 
tions. DIXON CORPO 
RATION iv2 BURN 
SIDE ST BRISTO!I 
RHODE ISLAND DuPor 





IRON ($/grosé ton 


MUELLER BRASS CO. he 66-4 
PORT HURON 21, MICHIGAN 


For more information, circle No. 342 








For more information, circle No. 434 
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MUELLER CAN MAKE MOST ANYTHING IN 
IMPACT EXTRUSIONS... 


We don't really make locomotives, but the 18 

different Cold-Prest impact extrusions represented 

in the model were cold forged to exacting tolerances from 

a number of aluminum, copper, brass, and steel alloys. 

[hese parts are employed in products ranging from doot 

closers to missiles. Mueller has also made important advances 

in the production of copper impact extrusions that are especially 

adaptable to electronic applications. Cold forgings are precision 

produced to exacting tolerances and offer the additional advantage 

of a better finish and appreciable metal savings 

Mueller’s flexible facilities for the production of Cold-Prest Impact extrusions 
make practical long or short runs of simple or relatively complex shapes on an 
economical basis. In addition, the entire Mueller engineering staff, excellent machining, 


finishing and assembly facilities are readily available to you when you... 


LET MUELLER MAKE IT! 


Write today for Engineering 


NI U E LL E R BRASS co. Manual No. FM-3019 


PORT HURON 21, MICHIGAN 


For more information, turn to Reader Service card, circle No. 434 
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more engineers 
are discovering BRAND NEW 


USES for low cost 


EVELITE’ 


laminated phenolic tubing 





Light as aluminum, structurally 
strong, exceptional chemical prop- 
erties and high insulation resistance 
—this tubing is superior to many 
other materials. 


PHYSICAL PROPERTIES 


.090"" to 8.000’’ 
.0075’’ to .250”’ 
Length Ye"’ to 82 feet 





Inside diameter 


Woll thickness 











250°F. continuous 
0.98—1.10 


—— , : Heat resist 
In numerous applications, imagina- he 
. . . ° ° fi it 
tive engineers are improving their St. Mo B.» 
, . : A tracti <4% 

products with Clevelite...and at rere th em mrt ~ 
Colors Natural & Black 














lower cost. 


CLEVELITE CAN BE... 


Write for a copy of our descriptive brochure. 
*Reg. U. S. Pat. Off. 


CLEVELAND 
CONTAINER 


THE 
SALES OFFICES: CANADA, LTD. 


esorcces:  GLEVELAND CONTAINER =<: 


CHICAGO PRESCOTT, ONT 
MEMPHIS COMPANY 


PLANTS & 


Los anceves 6201 BARBERTON AVE, CLEVELAND 2, OHIO SALES OFFICES: 


PLYMOUTH, WiSC . TROIT 
JAMESBURG. NJ). ABRASIVE DIVISION at CLEVELAND, OHIO Pa A al 


GREENSBORO, N.C WASHINGTON 
REPRESENTATIVES: 
NEW YORK AREA: WALTER A. MURRAY & CO PHILADELPHIA: MIDLANTIC SALES CO 
100 HEPBURN ROAD, CLIFTON, N. J 9 E. ATHENS AVE., ARDMORE, PA 


NEW JERSEY: THE MURRAY SALES CO LOS ANGELES AREA: THE ROBISON CO 
25 W. NORTHFIELD RD., LIVINGSTON, N. J. 4026 W. 183rd ST., TORRANCE, CALIF 


NEW ENGLAND: R.S. PETTIGREW &CO CANADA: PAISLEY PRODUCTS CO. LTD 
10 N. MAIN ST., WEST HARTFORD, CONN. 36 UPTON RD., SCARBOROUGH, ONT 


For more information, turn to Reader Service card, circle No. 347 
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CLAD STEELS (¢/Ib)* 





Cladding Metal 10% 15% 20% 





Stainless 
304 29 32 | 34 
304L 34 37 40 
316L 47 51 56 
321 35 38 4] 
347 45 | 49 
430 23 2 6| «O28 

Inconel 61 73. |) «84 

Nickel 55 67 79 

Monel 55 66 78 


sPrices given for three cladding thicknesses. 








TIN PLATE (S$/base box 





Hot Dip (1.25-1.50 Ib) 10.40-10.65 
Electrolytic (0.25-0.75 Ib) 9.10-9.75 
Thin 6.10-6.55 


Black Plate 8.20 








FINISHES AND COATINGS 


ORGANIC COATINGS 





| 
Avg 
Thk | Mils | Cost, 


Material per | Re- | ¢/sq 
Coat, |quired*|ft /dry 


mil | mil> 





VARNISHES, ENAMELS 
Short Oil Phenolic 
Varnish 
Enamel 
100% Phenolic 
Straight Oil-Modified 
Alkyd 
Alkyd-Amine (90-10) 
Alkyd-Phenolic (50-50) 
Alkyd-Vinyl (50-50) 
Alkyd-Styrene (70-30) 
Epoxy 
Silicone 
Furane 
Neoprene 


DISPERSION COATINGS 
Phenolic 
Vinyl 1.0 
Fluorocarbon 1.0 


LACQUERS 
Nitrocellulose 1.0 | 

Vinyl 1.0 ; 

Acrylic 1.0 2.0 | 2.75 
Butyrate 10 | 2.0 | 2.75 


aThickness over phosphate coating required 
for exterior durability on steel. For purely 
decorative coating. 1 mil will usually suffice 
bMaterials cost only. Realistic price compar- 
ison can be made only on basis of dry applied 
coating, not on basis of cost per gallon. 











This hydraulic “torture tester” used to blow its seals every few days, interrupting tests, delaying results, 
causing expensive maintenance. When auto producer switched to VITON seals (inset), trouble stopped. 


SEALS SNAPPED LIKE PRETZELS... 


until VITON’ O-rings were installed in this hydraulic hose tester 


In the lab of a major auto producer, this pressure- 
impulse machine pounds power-steering hose with 
1500 psi surges of hydraulic fluid at 325°F at the 
rate of 600 cycles a minute—hour after hour. 
Formerly, many kinds of good oil-resistant seals 
baked out, leaked badly—sometimes within a few 
days; actually were too brittle to be removed intact. 
But now, Viton O-rings go for months without 
losing their resiliency or stability. They are re- 


placed only on routine overhauls. 


®t¢. u 5 pat. OFF 


Frequently, as in this case, VITON is the only 
synthetic rubber that can perform dependably in 
environments combining high heat with fuels, lubri- 
cants or hydraulic fluids. That’s why ViITON is solv- 
ing more and more design problems in critical seals, 
gaskets, diaphragms, hose tubes, valve parts and 
couplings. Contact your rubber supplier for more 
information, or write: E. I. du Pont de Nemours & 
Co. ( Inc.) , Elastomer Chemicals Department MDE-9, 


Wilmington 98, Delaware. 


VITON 


SYNTHETIC RUBBER 


Better Things for Better Living . . . through Chemistry 
For more information, turn to Reader Service card, circle No. 335 
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“—6ORM-FIT" COMFor?y 


jection 


For this major advancein furniture making, Alladin 
Plastics, Gardena, Cal., uses AviSun polypropyl- 
ene. Here’s why: ¢ Amazing strength—In Alladin’s 
thumping, rocking torture test, AviSun Impact Grade 
Polypropylene outlasted all materials tested —endured 
up to 375 times longer. ¢ Supple comfort—like that of 
upholstered furniture. « Chemical and stain 
resistance—to detergents, alcohols, oils, foods ee 
and cleaners— unharmed by sun and weath- PNG; 
er. ¢ Mold cycles—as fast as 60 seconds with no 


post-mold aging. « Get the facts on how poly- AVISUN 
propylene can upgrade your product from: 
AviSun Corporation, 1345 Chestnut “7 CO 
Philadelphia 7, Pa. « In Canada: Courtaulds 
Plastics Canada, Limited #* Trademark of AviSun Corp 


For more information, turn to Reader Service card, circle No. 483 
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Why AVISUN 
polypropylene 
was chosen 


Toughness and resiliency of polypropyl- 
ene give the Alladin chair the ability to 
shrug off all kinds of rough handling. 


I | 
Polypropylene’s tensile strength, inher- 
ent in the material and easily designed 
into the chair, was highest by actual test 
over all competitive materials. 


Chair 


oe 
Because polypropylene is lightest of the 


plastics, the chair can be carried about 
with ease by any member of the family. 


(cont'd from p 132) 


FLEXURAL AND COMPRESSIVE PROPERTIES AT -—320 F AND 80 F 





Compr Str, 
1000 psi 


Material* Filler 


Compr Mod, Flex Str, Flex Mod, 
10° psi 1000 psi | —«10® psi 


| | 
—320 F} 80F |—320 F] 80F |—320F) 80F |—320F| 80F 





i 
| 
| 20% Glass° 


| 3.1 
21.2 | 32 


25% Asbestos... 24.2 | 4.75 | 
25% Glass 16.0 3.00 | 


| 15% Graphite! 17.5 3.80 





Nylon 1014 35.25 1.10 


| 25.6 | 3.74] 0.68! 0.19 
28.1 | 3.74} 0.68} 0.20 


0.75 | 0.07 | on 
0.80 | 0.12 — _ 
0.64 | 0.19 
0.71 | 0.1 

| 


| 


0.83 | 0.13 


170} 0.6 | 380 | 1.075 | 085 0.42 





Percentages indicate crystallinity. Materials are DuPont's >Tefion 100X, cTefion, and 


iZytel 101. *Belding-Corticelli Industr 


ies processed. ‘Liquid Nitrogen Processing Corp. processed. 


New Cryogenic Strength Data for Plastics 


New data on the physical charac 
teristics of some plastics that remain 
ductile in the cryogenic range have 
been determined by J. H. Lieb and 
R. E. Mowers, Materials Engineer- 
North 


ing, Rocketdyne, Div. of 


American Aviation, Inc. 


The new information on the com 
pressive and flexural strengths and 
moduli of TFE and FPE fluorocar- 
bons, and Nylon 101 is a continua- 
tion of work that Lieb and Mowers 
described in M/DE, July, p 107. The 
experiments are part of a cryogenic 
test program sponsored by the Di- 
rectorate of Rocket Propulsion, Air 
Force Flight Test Center, Edwards 
Air Force Base. 

The data given in the accompany 
320 F 
and room temperature (70 F) to 
show the dependence of these me- 
chanical properties on the plastics’ 
crystallinity. Crystallinity was meas- 
ured by surface hardness tests, x- 
ray diffraction and specific gravity 


ing table compare stress at 


measurements. Although the cryo 
genic data were spread somewhat, 
the stated values are representative. 

The values given for flexural and 
compressive strengths at room tem- 
perature are those for maximum 
fiber stress at 5% and less than 
10% strain, respectively. 


Cylinder Materials 
for Aluminum Engines 


The growing importance of alumi 
num in small industrial and marine 
engines and in compact cars has 
stimulated interest in one of the 
major materials problems: giving 
cylinder bores and pistons greater 
wear resistance than that of cast 
aluminum. 

Conventionally, cylinder walls are 
hardened by chromium plating, by 
spraying with molybdenum or mo- 
lybdenum and steel, or by inserting 
iron sleeves. 


(continued on Pp 156) 
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THE ‘HEART’ OF 
THE MARKITE 
POTENTIOMETER 


1. A potentiometer ele- 
ment — embodying resist- 
ance track and take-off 
track of conductive plas- 
tic co-molded to an in- 
sulator base. 2. An 1-S 
cantilever dual spring 
(with precious meta! 
wipers); maintains con- 
tact with conductive 
tracks even under 70g vi 
bration at 5-2000 cps, 
100g shock and 100g ac 
celeration! 


224 Bergen Bivd., 


Instrument Specialties’ cantilever 
springs provide high reliability in 
potentiometers, servomechanisms, 
electro-mechanical controls and in- 
struments for aircraft, missiles and 
similar continuous-duty applications. 


Employed in Markite conductive plas- 
tic precision potentiometers, I-S be- 
ryllium copper cantilever springs 
maintain their high spring forces... 
thereby complying with Markite’s 
standards for infinite resolution and 
minimal contact noise over an opera- 
tional life span of more than 50 mil- 
lion revolutions. 


if you have a spring problem— Ask I-S engi- 
neers for a recommendation on your specific 
application; or request catalog 
containing complete data on I-S 
Beryllium Copper Compression 
Springs, Flat Springs, Contact 
Strips, Strip Springs, Contact 
Rings and Screw Machine Parts 


INSTRUMENT SPECIALTIES 


COMPANY °« INC. 
Little Falis, N. J.—Telephone: CLifford 6-3500 


For more information, turn to Reader Service card, circle No. 359 
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Two new approaches to the prob- 
lem—1) using aluminum for both 
pistons and cylinder bores, and 2) 
transplant coating the bore with 
iron—were presented at this year’s 
summer meeting of the Society of 
Automotive Engineers at St. Louis 
in June. Also discussed were the 
problems encountered in chromium 
plating aluminum cylinders. 


Aluminum cylinders, pistons 


Uncoated aluminum cylinder bores, 
used with either bare or coated alu- 
minum pistons, are being investi- 
gated by Aluminum Co. of America’s 
Development Div. Engine Labora- 
tory. According to N. W. Smith, 
their work has helped define the 
problems involved with aluminum 
cylinders. 

In the Alcoa studies, approxi- 
mately 106 combinations of piston 
and cylinder materials were tested 
in single and multicylinder two and 
four-stroke engines. A variety of 
aluminum alloys were used for the 
cylinders. Both bare and coated 
pistons were tested. Coating mate- 
rials included: electroplated chro- 
mium, nickel, iron, and cadmium; 
sprayed molybdenum, steel, and high- 
silicon aluminum; immersions of tin, 
lead and nickel; and hard annealed 
coatings impregnated with various 
scuff-resistants. 

Some of the conclusions reached 
in the program are: 

1. Wear rates of aluminum alloy 
cylinders are comparable to those of 
commercial cylinder and cylinder 
liner materials. 

2. Elimination of scuffing is of 
prime importance. Both cold and 
hot scuffing are a function of the 
compatibility of piston and cylinder 
materials and the lubricant used. 

Choice of cast iron or aluminum 
cylinders has an insignificant effect 
on piston ring wear regardless of 
plating on the rings. 

4. Chromium-plated and molybde 
num-sprayed pistons have been suc- 
cessfully combined with sand cast, 
permanent mold cast, and die cast 
aluminum-silicon alloy cylinders 
ranging from 6 to 23% in silicon 
content. 

5. Higher silicon levels improve 
wear resistance when dirt is intro- 
duced into the cylinder. 


6. Success with uncoated cylinders 











Highly complex shapes, 


internal and external, formed in one operation to close tolerances in 


> U 


NEW SHAPES NOW PRACTICAL 


Technical ceramic parts formerly impos- 
sible or available only by expensive 
machining and grinding are now prac- 
tical and can be produced in volume to 
close tolerances and with great uniform- 
ity. They include complex and compound 
curves, thin walls and other difficult 
design features. This injection molding 
process is particularly suited to volume 
production which readily permits amor- 
tization of initial tooling costs. 


MATERIALS 


AlSiMag 614 (High Alumina) and 
AlSiMag 704 (Porous and Leachable) 


have found widest use. Other AlSiMag 
ceramic compositions are available. See 
Property Chart, sent on request. 


APPLICATIONS 
include but are not limited to: 
Electronic and Electrical, such as conical 
micro-wave tube windows, envelopes, 
complex internal insulators, cups, en- 
capsulating devices, semi-conductor as- 
sembly boats and plugs. 


High Temperature, Mechanical and Heat 
Shock uses such as welding nozzles. 


Precision Investment Casting cores of 
great dimensional accuracy. 


AG CERAMICS 


Guides for wire and textile machinery. 


The use of these AlSiMag ceramics is 
indicated when high frequencies, high 
temperatures, heat shock, chemical at- 
tack or mechanical wear are involved. 


EXPERIENCE 

More than two years of steadily in- 
creased production from this equipment 
has given us practical experience which 
enables us to promptly and accurately 
answer most inquiries involving complex 
and difficult shapes. Send blue prints or 
sketches. Chances are that your “im- 
possible’ designs are now practical in 
AlSiMag ceramics. 














pap! 


polyphenylisocyanate) 


a _NCO NCO 








ONE SHOT RIGID FOAMS 

High strength at ultra low density PAPI 
polyether fluorocarbon based foams 
for refrigerator insulation. 


HOT STRENGTH 
PAPI based rigid polyester foams re- 


tain their strength after prolonged ex- 
posure to temperatures above the 
useful range of conventional urethanes. 


EXCELLENT ADHESION 


PAPI provides excellent adhesion 
between butyl, nitrile, haloprene, and 
other rubbers and a variety of 
substrates like polyester fiber; 
nylon, metal. 


SAFER 


PAPI is a nonvolatile reactive isocya- 
nate that is easily used even for spray- 
in-place foams. 


AR WIN comeany 


Please send more data on PAPI. 


Name 
Company 
Address 
City State 











® T.M. Reg. U.S. Pat. Off. ’ 








ALUMINUM 


Transplant coat has a smooth bor 
surface and rough undersurface that 
bonds tightly to the aluminum (top). 
“Spraybond” bore surface is rough, 
and a thin molybdenum layer formed 
between the coating and the alumi 
num further weakens bond (bottom). 


and pistons and has been limited, 
although compatible pistons and cy] 
inders can be made with various 
alloys. 


Transplant coating with iron 


While Alcoa is concentrating on 
aluminum cylinders and pistons, Na 
tional Lead Co. has developed a new 
cylinder 


lining method to improve 
wear resistance. 

A. F. Bauer described the combi 
nation sprayed and die cast coating 
for 1) liners for water-cooled en 
gines, and 2) cylinder barrels for 
air cooled engines. 

In the process, ferrous material 
is first sprayed onto the core of the 
casting die, It is subsequently trans 
ferred to the casting when the in 
jected aluminum (or liner metal) 
shrinks onto the rough outside of 
the sprayed coat.. Because of the 
expansion differential, the protective 


coat stays with the casting and 


creates a taper-free bore of extreme. 
ly .high smoothness and: accuracy. 





The »¢ That Solves 


BOTHERSOME 
COST AND DESIGN 
PROBLEMS 


The economy, lightness, uniformity 
and availability of paper has long been 


| known. But as the X factor in today’s 
| cost and design problems, specialty 
} papers open up possibilities hitherto 
| undreamed. 


Back in 1940 — after 132 years in 
the paper business—Knowlton Brothers 
developed a paper now used in nearly 


| every automobile, airplane and labora- 


tory. That’s when we decided to make 


| special papers for special uses, 


We’ re Doing It. 


In our research laboratory, equipped 


| with everything from nucleonic and 
| radioactive monitors te a 20-inch web 


Fourdrinier paper machine, top- 


| ranking chemists, phy sicists and pape 


spec ialists are turning out unusual 
papers that are finding unusual uses in 
modern industry and defense. 


We still turn out production runs 
but only of specialty papers requiring 
extremely close dimensional, chemical 
or physical limits and uniformity. Our 
major interest is the creation or re- 
combination of physical, chemical, 
electrical, molecular, reticular and com- 
parable properties that will enable new 


papers to serve new and wider uses. 


Do You Have Such a Use? 


Write for our free booklet 
“Creative Imagination in Tech- 
nical Papers."’ Or tell us 

what you want paper to do. 

If it sounds reasonably attain- 
able, a sales engineer will call, 


f, now J olf W 


A 2. bi 








(continued on p 160) Dept. 711, WATERTOWN, N. Y. 








For more information, circle No. 349 For more information, circle No. 452 
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ALMOST ANYTHING CAN BE IMPROVED... 
IN PLASTICS MOLDED BY GENERAL.AM 


E zx ‘cw 


AMF wanted a durable, lightweight, inexpensive child’s car body. General American helped provide the answer. 


Every youngster can now drive around in style—and the 
Junior Toy Division of AMF has an exceptionally market- 
able entry in the truly compact car field. By replacing 
metals with molded plastics in the body and steering 
column, General American helped AMF save over two- 
thirds on tooling costs alone. What's more, there are 
fewer assembly operations and the color is molded right 
in. Even silk screening on the sides is done by General 
American before these components are delivered to 
AMF. The lighter weight cuts shipping costs, too. 

Resourceful solutions to plastics problems are to be ex- 


pected at General American, where plastics specialists 
are backed by the largest and most varied molding facili- 
ties in the world. For the Space Scout, General American 
specialists helped engineer the components, made and 
tested the prototype, developed the method of silk 
screening, and then molded the parts of high density 
polyethylene. 

lf you'd like to move more profitably 

into plastics, you'll certainly find it pays 

to plan with General American. PF 


Plastics Division 


GENERAL AMERICAN TRANSPORTATION CORPORATION 


135 South La Salle Street * Chi 


ago 3, Illinois * Offices in principal cities 


TRAOEL MARK 


For more information, turn to Reader Service card, circle No. 414 
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Although National Lead’s tests 
were run on ferrous coatings 0.020 
n. thick, the coating can be produced 
in any thickness with controlled 
porosity. Any material that can be 
sprayed can be used. The 0.020-in. 
thick coat gave excellent results in 
the tests and is a fair compromise 
between economy and strength. 


Bond strength is said to be high 

» because the rough face of the 

sprayed metal creates a strong bond 

: with the aluminum. ; 

rage pre ped w jee ty In shear tests, an average shear 


strength of 14,000-15,000 psi was 
obtained, and the line of failure was 


e . 
Cut your costs, improve Ts param tat: epost 0b te 
and 0.030 in. thick failed at 4009 


your product with Sah tnd 4800 el respectively. Fail 


ure occurred in the coat. 


Mr. Bauer reports that transplant 
JL = coated die cast aluminum cylinders 


for small air cooled engines are ex 





pected to be commercial this year. 


WI f? a | Hard-chromium-plated bores 


: , , , L. W. Raymond and A, K. Wood 
PAGE pre-shaped wire simplifies product design, reduces material of Superior Plating Co., Fairfield, 
costs. It requires no machining, no forming, no forging. It’s deliv- 
ered to you in any shape you require—from the simplest standards 
to complex “‘specials’’ made from your own drawings. You can 
specify low carbon, high carbon, alloy or stainless steels, or ARMCO 
ingot iron. The PAGE mill is America’s leading special-purpose wire 
producer, so your specifications regarding physical properties and 
size tolerances are no problem. What’s more, you can order your 
PAGE pre-shaped wire shipped with the kind of packaging you 
want. Most important, you can always count on PAGE uniformity. 





Send us a sample of the shaped wire you now use, or a descrip- 
tion of your wire needs—prove to yourself how PAGE can help. 
Tell us your wire analysis and tonnage requirements. We'll rec- 
ommend a PAGE pre-shaped wire to help reduce your costs, sim- 
plify your manufacturing and improve your product. 


Write us at Monessen, Pa., for Booklet DH-1226 
On PAGE pre-shaped wire, or for information on 
what PAGE has to offer to meet your other wire 
requirements 


This platen press is being used to 
cure a honeycomb sandwich struc- 
ture. Steam will be circulated through 
the bottom platen with the top platen 
applying the pressure necessary to 
insure proper bonding of the sheet 
aluminum and honeycomb material. 
The press is one of the test machines 
in Boeing Airplane Co.’s metal bond- 
ing pilot plant at Wichita, Kan. The 
plant enables engineers to resolve 
metal bonding production problems 
by simulating actual production 
processes. 





For more information, turn to Reader Service card, circle No. 325 
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ielectrics 


Symbol represents a lamination 
of perfect mica crystals 


THERE 1S A NEW SYMBOL IN 


rm sulation 


a symbol which stands for exploration of the 
molecular sciences for insulation « individual ap- 
proach to your design problems « 25 years’ exper- 
lence in ceramoplastic technology and production 
know-how « the world’s largest facilities for research 
and manufacture of glass-bonded mica products « a 
complete range of highly stable mica-based materials. 

cunnienail The consolidation of Electronic Mechanics, Inc., Mykroy Man- 
MAN-MADE MICA ufacturing Co.Inc.,and Mykroy,Inc.,to form Molecular Dielectrics, 
brings the engineer a new source of experienced design counsel, 
and prototype and volume production. Under the same manage- 
ment, MD’s facilities and talents are being applied to the full 
exploitation of the molecular sciences in the development of new 

materials for insulation. 

mMYKROY © 


GLASS-BONDED MICA RA 


Consult MD for creative solutions oo F 7] 
to your special insulator problems. i e e Cc t r i Cc Ss gy inc. 
MICACERAM Send your prints for estimates. ELECTRONIC MECHANICS, INC. MYKROY, INC. MYKROY MFG.CO., 


MICA-BONDED MICA 
101 CLIFTON BOULEVARD, CLIFTON, NEW JERSEY 
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CHROMALLIZING 


Conn., said that aluminum is not an 
easy metal to electroplate with chro- 
mium. 

First consideration should be given 
to the choice of alloy. At present, 
chromium is being successfully plated 
on 355, 356 and 380 aluminum. All 
of these are copper, silicon and mag 
nesium-bearing alloys. 

Each of these elements can inter 
fere with the plating cycle. In the 
“Zincate” process, for example, 
chromium is deposited on a very 
thin, intermediate layer of pure zinc. 
All traces of the alloys must be re 
moved from the aluminum surface 
before the zine is applied. 

Silicon and magnesium are rela 
tively easy to remove, but copper is 
a problem. Any copper in excess of 
the amount soluble in aluminum 
(5.65%) creates plating problems 
by not accepting the zinc. 

4 second source of difficulty is 
improper solution and/or precipita- 
tion heat treatment. Specifically the 
following alloys and heat treatments 

i. have been most successful: 380-T51, 
The Problem: To crea g/thermocouple housing that will :56-T71. and 355-T71 
endure extremely high tempera@ifes without damage to the housing. Other factors that demand critical 
attention are: 
The solution: A CHROMALLIZED molybdenum thermocouple 1. Porosity, which Eo plating 
housing. This housing withstands temperatures up to 4100°F. Other pry “a by lenehing oe the nag 
and plating solutions. Also, sharp 
applications are structural parts for re-entry vehicles, high tem- chromium nodes tend to build up 
perature testing grips, and ramjet engine components. around the cavities and subsequently 


scratch the piston. 
What is Chromallizing? 2. Excessive die lubricant which 
A proven process for diffusing chromium and other elements into es phemnevdigrhed geil plating 
the surface provides an alloy case which is integral with the base which should be smooth enough to 
metal. It can't peel or flake. the chromium and other elements give predictable end results and not 
diffuse uniformly into recesses, pores, cracks and even blind holes. | rough enough to scuff the piston. 
4. Caustic materials, which form 


CHROMALLIZING processes are also being used to protect super- metallic soaps and attack aluminum. 
alloys for jet engine parts and to protect ordinary steel against wear, 
oxidation and corrosion. 
New Property Data on 
WRITE FOR ILLUSTRATED BULLETIN MC 752 Columbium Alloy 


A columbium-base alloy contain- 
ing 5% zirconium and 10% tung- 


hromalloy corporation sten combines high strength at ele- 


vated temperatures with excellent 


169 WESTERN HIGHWAY WEST NYACK N.Y. ductility at room temperature, a 


recent investigation shows. 
ELmwood &-5900 Tests of the alloy, called Haynes 


alloy Cb-752, were conducted by 
Union Carbide Metals Co. The tests 
indicate that the amounts of tung- 
sten and zirconium increase strength 
by solid solution hardening but not 


For more information, turn to Reader Service card, circle No. 
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Cran ALITE Aolue a 


materials problem 


For designers seeking a material that pos- 
sesses exceptionally high dielectric character- 
istics, plus superior mechanical strength and 
high temperature stability, Alite offers many 
interesting possibilities. 

Alite comprises a series of sintered metallic 
oxides which we can form to practically any 
shape by extruding, pressing, molding or cast- 
ing, and can finish to any precision you require 
by diamond wheel grinding. The series of Alite 
formulations based on aluminum oxide exhibit 
a wide range of excellent physical and elec- 
trical properties which make them well suited 
for many critical applications. Alite retains its 
diamond-like hardness, abrasion resistance 
and physical strength at working tempera- 
tures well above 2000°F. It has proved highly 


ALITE DIVISION 


For more information, turn to Reader Service card, circle No. 431 


successful in such uses as rotating seals, pump 
plungers, slide valves, bearings, bushings, and 
extrusion dies. 

Alite Formulation A-212, designed specifically 
for electronic applications, is used for our 
standard line of hermetically-sealed terminal 
bushings, feed throughs, cable and seals, etc., 
as well as for tube envelopes, insulating sup- 
ports, infra-red and microwave applications. 
If you are designing a new product or improv- 
ing an existing one, you'll certainly want to 
explore all the advantages of Alite. Bulletin 
A-8 gives complete comparative data. Write 
for a free copy today. 


BOX 119 
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LOOK isi 


Here’s low cost for you! 


This is 4-in-1 production 
of a Titan brass forging 
with high strength and consistent metal soundness. Close tol- 
erances are maintained. There is less scrap waste. Costs 
are reduced. 
And then you have the unparalleled machinability and natural 
finish of these brass forgings to take the finest polish or plating. 


Like economies and advantages can be yours when you switch 
to Titan hot-pressed brass forgings. Let us help design and 
quote on your component parts. 


Call your nearest Titan Man for detailed data and a brass 
forging quote. Titan forgings are made in Bellefonte, Pa., and 
Newark, Calif., for quick service and delivery. 


Send for 32-page 
Titan Forging Handbook. 


Write us on your letterhead 


TITAN METAL MANUFACTURING COMPANY 


Orvis'on OF CERRO CORPORATION 


Bellefonte, Pa. * Newark, Calif. * Offices & Agencies in Principal Cities 
Established 1915 RODS « FORGINGS « DIE CASTINGS *« WELDING RODS «+ WIRE 


For more information, turn to Reader Service card, circle No. 442 
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to a level that would impair ductility 
at room temperature. 

The tests, reported by C. R. Mce- 
Kinsey, A. L. Mincher, W. F. Sheely 
and M. Schussler, included deter- 
mination of oxidation behavior and 
mechanical properties, and a study 
of bar and sheet production tech- 
niques. 


Oxidation resistance moderate 


No serious oxidation problems 
were encountered in manufacturing 
bar stock, the exposure to high tem- 
perature being brief. Billets were 
machined from ingots, induction 
heated in argon to 2500-2600 F, and 
extruded at a 3:1 or 4:1 ratio. 

Swaging presented a greater oxi- 
dation problem which was success- 
fully overcome by heating the bar 
in molten glass. 

In making sheet stock, annealed 
slabs were repeatedly rolled at 
temperatures of 2000 F and higher. 
Considerable oxidation occurred. 
The oxidation rate of 752 alloy at 
2000 F, as shown by metal loss and 
depth of contamination, falls be- 
tween those of two other high 
strength alloys, D-31, and F-48. For 
example, the 752 alloy lost approx 
0.01 in. per side and was contam- 
inated to a depth of 0.04 in. after 
24 hr exposure at 2000 F. 

Although there are indications 
that some surface oxidation can be 


Ultimate Tensile Strength 
\’ 
oe ee _ 


O2% Yield Strength 


So = nN w 
oo79°o 
= 


~ @®@ © 
oo 0° 


Strength, 1000 psi 


Elongation 


uw ® 
oO 


° 


+ 
= ® 


No process annea: 
= 
3000 F process onnea 


} Bend Ductility 
e : —— 
ASTM Grain sue A 


6} 
Bi it ; a 
As- 2000 2400 2800 
rolled Annealing Temperature, F 


rain Size 


1 Effect of heat treatment on room 
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Baskets cast of HT high-nickel alloy 
give outstanding performance at [700° F 


with remarkable combinations of prop- 


These baskets carry metal parts 
through a malleabilizing cycle of 45 to 
50 hours at 1600-1700° F- 

They’re cast of Type HT* nickel- 
chromium-iron alloy to obtain excellent 
strength and ductility. These properties, 
combined with this high-nickel alloy’s 
outstanding resistance to oxidizing at- 
mospheres, result in long service life 
and dollar-saving economies. 


Type HT high-nickel alloy, with its 
heat resistance and good strength— with 
its casting ease and economy — proves 
time and time again to be an ideal 


choice for furnace baskets, trays and 
other load-bearing members used in 
heat treating furnaces. 


Wide range of alloys. Type HT alloy 
is just one of a family of five austenitic 
casting alloys available for heat treating 
service. Each —thanks to its high alloy 
content— provides outstanding resist- 
ance to thermal fatigue and most fur- 
nace atmospheres. 

In this family of high-nickel alloys, 
you'll find metals that provide good 
strength and long life at temperatures 
from 1200 to 2300° F. You'll find alloys 


erties— properties needed to withstand 
oxidizing and reducing environments and 
carburizing and nitriding atmospheres. 


Which heat-resisting alloy is best for 
your needs? You'll find the answer in 
the 72-page booklet, “Heat Resistant 
Castings, Corrosion Resistant Castings 
... Their Engineering Properties and 
Applications.” Write Inco for your copy 
today. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street seo, New York 5, N. Y. 


*A.C.L. designation 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 


For more information, turn to Reader Service card, circle No. 358 
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Available Now!! 
Reprints of 


Because of the great demand for the well-known Manuals and Special 
Reports that are widely used for reference purposes, MATERIALS 
IN DESIGN ENGINEERING has reprinted them for your use 
These outstanding articles provide you with complete and useful 
information on the properties, characteristics and uses of engineer- 
ing materials and finishes 

The price is right! Only 35¢ for each reprint; 40¢ if shipped to 
foreign countries. On quantity orders, discounts are offered. To 
obtain your copies, indicate in the handy coupon below the Manuals 
and/or Special Reports you want FOREIGN ORDERS MUST BE 
ACCOMPANIED BY PAYMENT! 

Would you prefer receiving these valuable reprints automatically in 
the future? If you are a subscriber to MATERIALS IN DESIGN 
ENGINEERING, then avail yourself of an additional service offered 
by our Reader Service Department. Let us add your name to our 
mailing list, and you will receive a year’s supply of Manuals and/or 
Special Reports for the reasonable price of $4.50* per year. Just fill 
out the coupon below and mail it to: 


Reader Servce Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, N. Y. 


Materials for Springs 
Adhesive Bonding 
Die Castings 
Impact Thermoplastics 
Material for Gaskets—Packing—Seals 
Magnesium and Its Alloys New Welding Processes 
Conversion Coatings for Metals Low Pressure Reinforced Plastics 
Materials for Gears Low Cost Coatings for Meta! Parts 
Mechanical Tubing Why Metals Break; What to Do About It 
Joining & Fastening Plastics Appliances: What Materials Are Next? 
Aluminum Alloy Castings High Temperature Metals 
Designing with Heat Treated Steels How Radiation Affects Materials 
Porcelain Enamels, Ceramic Coatings Filament-Wound Reinforced Plastics 
Paper as an Engineering Materia! Ferrous Castings 
Designing Metal Stampings Automobiles: What Materials Are Next? 
Sleeve Bearing Materials What Users Think of Polypropylene 
Sheet Formed Plastics Parts Creep Rupture 
How to Select a Stainless Steel Chemica! Process Equipment 
Engineer's Guide to Plastics What's New in Foam Plastics 
Organic Coatings for Metal Products High Strength Aluminum Alloys 
Designing with Metal Powder Parts The Role of Materials in Cryogenics 
Physical Properties & Tests New Look at Prefinished Materials 
Industrial Textiles The Future for Ceramics 

The Challenge of the Materials Age—PRICE $1.00 

New Directions in Materials Testing—PRICE 75¢ 

Guide to Materials Standards & Specifications—PRICE 75¢ 


VY Quantity @ 35¢ each 


Selecting Plastic Laminates 
Fivorocarbon Plastics 


Name Title 
Company 
Street 


City Zone State 


Yes, I am a subscriber to MATERIALS IN DESIGN ENGI- 
NEERING and would like to receive each future Manual and/or 
Special Report, when reprinted. Please start with the. . ” 
issue. Upon receipt of your invoice, I will pay $4.50 ‘for a year’s 
supply *Foreign subscriptions—$ 5.50. 
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tolerated without impairing fabric 
ability, oxidation protection should 
be provided while working at high 
temperatures. 


Tensile properties good 


After cold rolling, strength of the 
alloy sheet was high and ductility 
was rather low. However, stress re- 
lief treatments at temperatures as 
low as 2000 F increased ductility 
at the expense of strength, as shown 
in Fig 1. Maximum ductility and 
minimum strength are obtained by 
heat treating at 2600 F. Some sec- 
ondary hardening at higher anneal- 
ing temperatures was also noted. 

Bend ductility is improved when 
the alloy is process annealed at 3000 
F prior to rolling, and is retained 
after heat treatment at 2500 or 2700 
F. Also, the tensile ductility of a 
process-annealed specimen given a 
final stress relief at 2000 F is 
nearly twice that of a specimen 
that has not been recrystallized. 

tecrystallization starts at about 
2400 F and is completed to a fine 
grain size at 2600 F. 

The strength-temperature varia- 
tion shown in Fig 2 is typical of 
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Bethlehem Brake Die Joa! Stee/ 
forms Vatuuimn-bleant’ Base Plate 


At Remmele Engineering, Inc., St. Paul, Minn., they needed a tool steel 
with high strength to handle a difficult forming operation on sheet steel 
The part, a base plate for a vacuum cleaner, was produced by a die mad 


of Bethlehem Brake Die tool steel 


Engineers at Remmele liked Brake Die’s well rounded combination of 


fine mechanical properties. They also found it a time saver because it 


machined so readily. Best of all, it produced thousands of pieces before 


slight redressing was required. 


This tool steel requires no heat-treatment 

Brake Die is ideal for intricate bending and forming dies because it com 
bines high wear-resistance with high strength. It requires no additional 
heat-treatment because it is furnished in the heat-treated condition, ready 
for machining into a finished die. Brake Die is quenched and tempered in 
our shop to develop its superior properties. Then we straighten it mechani 
cally and give it a stress-relief-anneal to remove straightening stresses 

Your Bethlehem tool steel distributor has Brake Die on hand in many 
sizes and sections, ready for prompt delivery. Give him a call today 


For Uniform Service from Tools, 


Control the Surface Chemistry 


One of the most difficult problems in 
the use of tools is non-uniformity of 
service life. Absolute uniformity in 
production from all identical tools is 
not expected. But wide variations in 
service life from one tool to another, 
or from one lot to another, present a 
real problem. 

It has been found that the most 
frequent cause of non-uniform ser\ 
ice is the variation of chemistry on 
the tool surfaces. Small amounts of 
surface carburization or decarburi 
zation usually are unnoticed because 
they can be detected only by destruc 
tive testing. 

Decarburization on working sur 
faces of tools causes a decrease of 
normal service life. And varying 
amounts of decarburization from tool 
to tool will cause variable decreases in 
service life 

Carburization, on the other hand, is 
not always harmful. Many tools last 
longer if a carburized case of the 
optimum depth and carbon content is 
present. This is true whether the 
carburized case is intentional, or 
whether it is accidentally and un 
knowingly present. The extent to 
which a carburized case either 
ereases or decreases service life of 
tools must be determined by experi 
ence with the actual tools under con 
sideration. It is therefore possible for 
tools with a ‘‘neutral’’ surface to be 
either better or poorer in service life 
than tools having a carburized case 

The surest way to provide uniform 
surface chemistry is to grind the tools 
adequately after the hardening op 
erations. The only alternative is to 
be sure that ‘‘neutral’’ heat-treat 
ment equipment is actually doing the 
expected job of providing unground 
hardened tools with neutral surfaces 


For more information, turn to Reader Service card, circle No. 409 
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LUBRICATION REPORT 


(dry film coating) 


Application: Lock Part Pre-Assembly Lubrication 
Problem: Find a 
Solution: dag” D: 


denatured a/c 


RESULT: CLEANER, MORE UN/FORM, LONGER- 
LASTING LUBRICATION ON LOCK PARTS 


Cam retainers and disc tumblers used in American Hardware Cor- 
poration’s padlocks are 1/2 by 1/4 inch brass stampings. Because of 
their small size, this New Britain, Conn. manufacturer has found 
dipping to be the most efficient method of lubricating them. Ache- 
son's ‘dag’ 154 proved to be ideal for this operation. Its alcohol 
carrier quickly evaporates, leaving a permanent film of graphite 
on the parts. This microscopically thin film is deposited uniformly, 
adheres tenaciously, and will not rub off during lock assembly. 
Since it does not attract dust and discourages oxidation and corro- 
sion of the brass parts, ‘dag’ 154 provides a longer, smoother opera- 


ting life for the locks 


For more information on the advantages 
of Acheson dry-film lubricants in product 
jesign, send for your copy of Bulletin No 
435. Write to Dept. ME-91 


ACHESON -— First name in solid lubricants for fifty-three years 


& ACHESON Colloids Company 


PORT HURON, MICHIGAN 
A division of Acheson Industries, inc 


Sales offices in principal cities 


sstries (Europe) Ltd. and affiliates, London, England 


For more Information, turn to Reader Service card, circle No. 427 
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most columbium-base alloys. The 
strength plateau at the intermediate 
temperatures and the peak at about 
1500 F indicate dynamic strain 
aging. A tensile strength of about 
50,000 psi was obtained at 2000 F, 
and 20,000 psi at 2600 F. 


Stress-rupture strength 


The time dependence of strength 
properties is shown by the stress- 
rupture data in Fig 3. Tests were 
conducted in vacuum with stress- 
relieved material at 2000 F and 
recrystallized alloy at 2200 F. In 
the tests at 1 hr, 10 hr and 100 hr, 
elongation at rupture was greater 
than 20%. 


ABS Sandwich Panels 
Insulate Freight Cars 


Plastics sandwich wall construc 
tion is one of the major innovations 
that enable new refrigerated freight 
cars to maintain any temperature 
from 10 F to +70 F, have more 
cargo space, and weigh less than 
conventional “reefers.” 

The cars, redesigned and built by 
Pacific Fruit Express, have all 
welded frames with all support 
members on the outside walls. 

The panels consist of a liner shell 
of ABS polymer sandwiched over a 
block of expandable polystyrene in- 
sulation. The sandwich panels are 
9 fthigh X 42 in. wide X 6% in. thick. 


continued on p 170 





ad 5 JE-Ke) al Ola® Gus NO) O)\\ krona: heel 





...crystals that master lightning 


Often referred to as “Black CRYSTO- 
LON’, Norton E 179 CRYSTOLON Electrical 
Grade silicon carbide grain is widely used 
in lightning arrestors and in a steadily 
increasing variety of other nonlinear re- 

istor applications in the electrical-elec- 
tronics field 

These applications include protection 
of coils from overvoltage, protection of 
relay contacts, and general voltage stabi- 
lization . . . with voltage or surge control 
requirements ranging from thousands of 
amps to microamps.. . in resistors rang- 
ing in volume from thick arrestor blocks 
to paper-thin varistors. 

To control its semiconduction proper- 
ties, E 179 differs from regular CRYSTOLON 
silicon carbide grain by the addition of 


For more information, turn to Reader Service card, circle 


alumina. But the most important control 
of E 179 is constant control through each 
step of manufacture, from electric fur- 
nace to shipping drum. Accurate, dupli- 
cable grain impedance (resistivity) is as- 
sured by careful furnacing, grain process- 
ing, sizing, blending and surge testing. 

In loose pack or ceramic bonded form, 
E 179 CRYSTOLON grain has the nonlinear 
current-voltage relation I=AE®, where 
“A” and “n” are constants. For loose 
grain “n” may be as high as 10; for 
bonded grain it is usually between 3 
and 7. 

For surge tests, standard 280 ampere 
pulses are passed through a column of 
compressed E 179 CRYSTOLON grain, 1” 
diameter x 1” long. Voltage across the 


cell is measured in kilovolts per inch. 
E 179 CRYSTOLON grain is available in sizes 
of 60 to 240 mesh, covering a surge test 
range of 1.6 to 13.0 KV/inch. 

For further facts, contact NORTON 
CoMPANY, Refractories Division, 348 
New Bond Street, Worcester, Mass. 


*Trade Mark Reg. U. S. Pat. Off. and Foreign Countries 


NORTON 


REFRACTORIES 
Crystallizing ideas 
into products 


No. 356 
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VASCO PREALLOYED You get the all-important high green 

strength you need in improved VASCO 
METAL POWDERS stainless steel powders, prealloyed for 

performance. Better molding qualities | 
make our stainless powders now almost as easy to press as simple iron 
powders . . . provide greater green density . . . permit the manufacture of 
more intricate parts . . . and afford better strength and ductility as well. 
Sintering conditions are within the range of standard equipment. Write 
for Data Sheets! 


”A\ Vanadium-Alloys Steel Company 


For more information, turn to Reader Service card, circle No. 454 
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Installing insulation in a new re- 
frigerated freight car. The panels 
are made from ABS polymer sheet 
bonded to expandable polystyrene. 
Corrugations permit passage of cold 
air around the cargo. 


The sheet plastic used is Cycolac, 
produced by Marbon Chemical Div., 
Borg-Warner Corp. According to 
Marbon, the panels have unusual 
shock and impact resistance at sub- 
zero temperatures, reliable dimen- 
sional stability, and high moisture 
resistance. 

The panels are vacuum formed by 
Landis Industrial Co., Inc. and in- 
corporate a modified S-curve corru- 
gation that permits movement of 
cold air around closely packed cargo. 
The curve is so designed that con- 
tainers cannot catch and hang on 
the corrugations during loading. 

Each of the shells has a stepped 
edge for fastening it to the car’s 
stee] structure individually. Since 
the panels are not fastened together, 
expansion and contraction is possible. 
Space between the panels is covered 
with a matching plastic strip. 


WATCH FOR ‘SELECTOR’ 


The fifth edition of M/DE's Materials 
Selector Issue—revised, expanded and 
updated—will be published the middle 
of next month. Among the additions 
Gre a price comparison chart and a 
new section on composite materials. 
The issve also features new data and 
a completely new format for the 
section on fabricated and mill forms. 





TEMPERATURES 


for 


© Research Seven Revco cabinets, both chest and 
upright styles, are available. Capacities 
. Storage range from 1.5 to 6 cu. ft. in chests and 
e Seasoning to 22 cu. ft. in uprights Units provide 
temperatures to —140° F. control- 
© Testing lable within + 1°. Optional accessories 


are offered. Immediate delivery on 
=xeue>| all units 
\ as For your FREE copy of the helpful 


folder, ‘‘Selecting a low temperature 
en ¥ cabinet,” write Revco, MDE-91. 
Industrial Products Div., 


| st — A On Oe 


Deerfield, Michigan 


* 
¥ 
ee 


Setting Trends in Refrigeration Since 1938 


For more information, turn to Reader Service card, circle No. 353 





FROM AROUND THE NATION 


Leading 
Manufacturers 
Beat a Path to 


GENERAL 
EXTRUSIONS 


For certain needs, 
parts to be 
tional fabrica 
-_ r ne ar tandal special G.I ] 
time, material and money. Write for ; 
FOR STANDARD EXTRUDED SECTIONS 
ER 500 STOCK DIES READY TO FILL INDUSTRY'S NEEDS 
ections ® Rounds ® Channels ® Angles 
es res ® Tubing © T-Shapes 


GENERAL EXTRUSIONS, INC. 


P.O. Box J, 4040 Lake Park Road, Youngstown 7, Ohio 


» S 


Off ice hattanooga, Cincinnati, Cleveland, Grand Rapids 
Pittsburgh and St. Lovis 


ne Book Under Aluminum Product 


For more information, turn to Reader Service card, circle No. 363 





aageleltlot-lem- Mog -1e1l-tlelam Ocelaalelelel ial 
that’s stronger... eliminates 
¢-Tolfelth-mr-t-+-1-15510] 8 aan Lae) 

cuts costs 30 


Says John Begle 


Vice President of 


In redesigning the blade 
locking wedges in Futurmill 
indexable milling cutters, we 
discarded all preconceived 

ileas and looked for new ways 

» reduce cost and improve 
quality. Casting Engineers 
produced an investment cast 
wedge that reduces finish 
machining, simplifies assem 
bly, improves dimensional 
accuracy, is far stronger, has 
ts part number cast right into 
its body yet costs 30°; 
less than our old design. Our 
customers like it and so 


ao we 


MINICAST Machine Tool Parts 
Add Quality at Lower Cost 


The new design wedge, investment cast in strong 
chrome-vanadium steel, requires only one-step light 
grinding. The retaining socket cap screw drops into an 
ntegrally cast recess. The previous design called for five 
separate machining operations, plus three-part assembly 

Whether your application requires our high-volume 
MINICAST process for relatively small parts, or the 
newer MONOCAST ceramic shell technique for larger 
pieces, Casting Engineers guarantees maximum produc- 
tion efficiency at lowest cost 

4 competent staff of design, me- 
hanical and metallurgical specialists 
makes Casting Engineers your best 
single supply source for castings for 
iny application 


Cut your production costs by 

specifying investment castings 

This new brochure tells you how, |= : 
Write for your free copy now . © / 


Casting Engineers 
PLANTS IN CHICAGO AND NEW YORK CITY 
Address inquiries to: 

2322 N. BOSWORTH AVE. ¢ CHICAGO 14, ILL. 
BUckingham 1-5940 





For more information, turn to Reader Service card, circle No. 471 
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Famous BUTLER building 
panels formed from 
BONDERIZED, color-coated 
hot-dip galvanized coil 


BUTLER PANELS LOOK 
BETTER LONGER! Those attractive 


Butler buildings, with their strong ribbed panels 
and handsome colors, will retain their appearance 
through many years of weather and hard service. 

Butler panels are formed from Bonderized, pre- 
finished hot dip galvanized stock. This combines 
the corrosion-resistance of hot dip galvanized 
with the advantages of baked-on finish, over 
Bonderite, to produce panels with vastly 
increased durability. 

Bonderite is the key to the superior adhesion 
which allows forming after paint coating, without 

Butler Manufac- . : 
turing Company damage to the finish on Butler panels. Bonderite 
building panels, produces a close, small-grained, nonmetallic 
Bonderite-treated - b 2 : : 

and with baked-on crystalline coating integral with the metal itself — 
finish, are easily » 

and quickly erected. a perfect base for any finish. 

For the finest, most durable protective finish 
on your product, make the choice that quality 
manufacturers like Butler have made. Insist on 
Bonderite under the finish! 















































A coil of Bonderized, pre-finished galvanized steel feeds into 
roll former at a Butler plant. 


Rust Proof Company 


BONDERITE corrosion resistant paint base e BONDERITE and BONDERLUBE aids in cold forming of metals e PARCO COMPOUND 
rust resistant e PARCO LUBRITE—wear resistant for friction surfaces e TROPICAL—heavy duty maintenance paints since 1883 


Since 1914—Leader in the field *Bonderite, Bonderized, Bonderlube, Parco, Parco Lubrite—Reg. U.S. Pat. Off. 
For more information, turn to Reader Service card, circle No. 355 
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(cont'd from p15) 


TABLE 2—MC NYLON VS OTHER NYLONS 





Property 


ASTM Method 


MCNyion901} Type6 | 





PHYSICAL PROPERTIES 
Specific Gravity D792 
Water Absorption, % 

Equilibrium in Air 
Saturation 
Coef of Lin Ther Exp, 10-5 per °F 
Melting Point, F 
Heat Distortion Temp, F 
264 Psi 
66 Psi 
Flammability, ipm 


MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 
Ten Mod of Elast, 10° psi 
Elongation, % 

Tensile Impact Strength, ft-lb/sq in. 
Shear Strength, 1000 psi 
Stiffness, 10° psi 
Hardness (Rockwell) 
Deformation under load (122 
psi), % 

ELECTRICAL PROPERTIES 
Dielectric Strength (short time) 
Dielectric Constant 

60 Cps 

10° Cps 

10® Cps 
Power Factor 

60 Cps.. 

10° Cps 

10° Cps 


1.16 1.12-1.15 


0.8 15-20 | 15 
5.5-6.5 8-10 1-9 
5.0 5.0 5.5 
430° =| 43249 | 49649 


400 | 130-175 200 
425 345-365 360 
Self-ext Self-ext Self-ext 


11-14 9-12 9-12 
3.5 3.5 4.0 
20-30 | 25-250 25-200 
80-100 40-150 90-180 
10.5-11.5 7.6-8.2 9.6 

2-4 2.3-3.5 2-4 
R118 R111-118 | R110-120 
1.0-3.0 


0.5-1.0 1,0-2.5 


500-600 300-400 300-400 
3.7 | 5,0-14.0 4.1 
3.7 | 49-101 | 4 
3.1 4.0-4.7 3.4 


0.02 | 0.06-0.10 
0.02 | 0.06-0.11 
0.02 0.04-0.13 








*Gel temperature. 


mold for the same part would cost 
between $100 and $500. 

The process has been announced 
by Polymer Corp., Reading, Pa., 
which has exclusive 
rights to the process from Mon- 
santo Chemical Co. Monsanto 
holds patents on the basic chem- 
istry. Polymer Corp. will both 
cutom-cast parts to specifications, 
and supply standard mill shapes. 
It has designated the material 
made by the process as MC nylon 


obtained 


Designed for large parts 
The 


signed 


is primarily de- 
for producing large and 


process 


complex shapes, or small parts 
that can be economically cut from 
cast profiles. For small parts it is 
not competitive with injection 
molding, since minimum poly- 
merization time (or cycle time) 
in the mold would be at 
min for small parts, as compared 
with 15-30 sec in injection mold- 
ing cycles. But for larger parts (1 
Ib and up) injection mold costs 
increase rapidly, production rates 
decrease, and volume _ require- 
ments (for mold amortization) 
usually increase, 
According to Polymer 
since the process is similar in both 


least 5 


Corp., 





example... 


FIBERITE 


at work in 
computer 
memory frames 


Nt 
4 1s) ola elelaclilels 


(Poughkeepsie 


Memory-core frames are a vital part 
of IBM’s fabulous computers. 

These frames hold and protect the 
tiny “memory units” which store in- 
formation for processing. 

IBM Poughkeepsie, working with 
Fiberite Corporation, specified a re- 
inforced plastic frame material with 
these characteristics: 


@ The ultimate in dimensional stability 
under widely varying atmospheric 
conditions 

@ High impact and flexural strength 

@ Minimum shrinkage values 

@ High dielectric strength 

@ High heot resistance 

@ Good molding characteristics 

@ Automatically preformable 


With Fiberite compound F.M. 4005, 
the exact formulation was achieved 
through the intense cooperation of 
Fiberite research engineers and their 
counterparts at IBM. Results have 
been called “outstanding.” 

Your firm, too, can benefit from 
Fiberite’s experience, skill and imagi- 
nation. Special applications to fit 
special problems are Fiberite’s stock- 
in-trade. 


rp 
SE 


\ 


Why not get complete in- 
formation on how Fiberite 
can work for you. Write 
today for details, and ask 
also for your free catalog. 
Today is not too soon! 





Dept. ME-9 
514 W. 4th Street 
Winona, Minnesote 


For more information, circle No. 423 
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technique and costs to metal cast- 
ing, MC nylon should open up new 
markets for large parts in heavy 
industry where high tooling costs 
and processing limitations of con- 
ventional molding methods have 
made nylon’s use _ impractical. 


Wavkesha’s research induction fur- . : : 
Such parts may be used in equip- 


nace provides sample heats formu- 
lated to meet all your casting re- ment for steelmaking, railroads, 
quirements ... at only a fraction of anar a ey atarvtale at« 
MC @a duvatead ta @ (ef teuadry paper converting, materials han 


test run. dling, mining and construction. 


Properties somewhat different 

Table 2 compares properties of 
MC nylon with those of type 6 
and 6/6 nylon. According to these 
data, the most significant dif- 
ferences in properties MC nylon 
displays are: 1) substantial in- 
crease in heat distortion tempera- 
ture, 2) somewhat better deform- 
ation under load (indicating good 
compressive creep resistance), 3) 
reduced moisture absorption, and 
4) generally improved electricals. 
An interesting point to note is the 
lack of a clear-cut melting point. 
MC nylon gels rather than melts, 
at 430 F. 


Other outstanding properties, 
WA U K E Ss H a .¢ a Ss T i N G Ss according to Polymer ‘Com. in- 


From created alloys eee clude excellent resistance to fa 





tigue under cyclic or vibration- 
induced stressing, and excellent 
Pressures . . . corrosion-resistance . . . stability under wear resistance (particularly to 
extreme temperature variables . . . increased tensile the sandblasting type of abra 
strengths . . . only castings of created alloys can sion). 

fulfill all the precise requirements of space-age tech- 
nology. In less than a decade, Waukesha Foundry 
Company has created 5 corrosion-resistant non- 


lling . le 
yalling metals. 


The reason for the differences 
in performance of the new nylon 
is not clear, according to Polymer 
Corp. Although produced from a 
type 6 monomer, the final polymer 
has its own distinct properties. 


From blueprint to finished casting, Waukesha fol- 
lows your precise requirements. Facilities include 
Spectrometer” control with each heat, pilot plant 
acilities, sand, shell and ceramic-type moldings, 


f Contributing factors may be dif 
fully equipped finishing and polishing shop. The ferences in crystallinity and the 
metallurgical staff assigned to create the alloy for facts that casting results in essen- 
your product offers over half a century of exper- tially no internal stresses in the 
ience with created metals. final part 

Where precision engineered castings are an abso- Other types of MC nylon, such 
lute requirement, call on Waukesha. as a high impact grade, are under 
development and may be an- 


nounced soon. 


WAUKESHA FOUNDRY CO Sizes, tolerances, detail 
Dept. F-37, Waukesha, Wis 

irers of corrosion-resistant casting At present, there is much art 
non-ga in a Stainle . 
ha Metal, Monel, Pure Nicke the monomer casting proce 
ILLUMI LLL N Re sist 1s 85 N 
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ITS JOB: 


Watching the diet 
of hungry jets 


mom; 


=x : 


=e L ~~“ Radiograph of casting showing soundness and condition 
of internal passages. 


Casting for jet engine fuel 
control valve made by Bendix 


Products Division, South 


‘nb Te = Bend, Indiana 


A maze of passages and channels, this intricate casting becomes a 
jet fuel control valve. Bendix checks the soundness of the body 
and clearness of the passages with Kodak Industrial X-ray Film. 





NOW .. . Ready Pack 
in ROLLS and SHEETS 
Kodak Industrial X-ray Film, Types AA 
and M, in 200-ft. rolls (16mm, 
35mm, 70mm) and sheets (8 x 10, 
10 x 12, 11 x 14, 14x 17). 
: , 4 No darkroom loading—film sealed 
Radiography is the one means of non-destructive in a light-tight envelope. 
testing that not only inspects internal conditions but 
provides a record of the findings. 


EEDING 2500 gallons of fuel an hour with precise 
L paeree is the task for this casting. It will be 
machined to infinitesimal tolerances and then pre- 
cision fitted with valves and controls. Is the casting 
sound? Are wall thicknesses correct? Are internal 
passages clear ? Bendix Products Division, South Bend, 
Indiana makes sure with radiography. 


Just place Ready Pack in position 
and expose 

Producers of castings and makers of welded products Film protected from dust, dirt, 
use radiography to make sure that only quality work light and moisture 
is delivered—a means of building a good reputation ye 
and increasing business film from envelope 


Radiography may be important in your work, too. and process. 


Why not discuss it with an x-ray dealer—or write us 
for a Kodak Technical Representative to call ? 











EASTMAN KODAK COMPANY 
X-ray Sales Division Rochester 4, N.Y. 


For more informotion, turn to Reader Service card, circle No. 332 
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Are Small Precision Metal Parts 
Disturbing Your Sleep? 


The manufacture of small precision metal parts—in large 
volume—can sometimes take on the aspects of a bad dream. 
The problems are frequently numerous and complex. Their 
solution calls for specialized experience. 

Torrington is the leading specialist in this field. We have 
the skill, engineering experience and manufacturing facili- 
ties to produce—at high speed and economical cost—a 
tremendous variety of small metal parts of exceptional 
precision and uniformity. 

If you have such parts to be manufactured in large quan- 
tities, why not let Torrington solve your entire problem? 
Write us for complete information —or better yet, send us 
a blueprint, and we'll be prompt in making our recom- 
mendation. 


progress through precision SPECIAL METAL PARTS 
THE TORRINGTON COMPANY Torrington, Connecticut 





For more information, turn to Reader Service card, circle No. 348 


176 + MATERIALS IN DESIGN ENGINEERING 


cording to Polymer Corp. But here 
is how the process shapes up from 
the design standpoint so far: 


1, Size limitations—Certain pro- 
files have been cast up to 4 ft 
long. Plates weighing over 800 lb 
have been cast. Depending on part 
geometry, contour cast parts rang- 
ing from 1 to 100 lb can be pro- 
duced at present. 


2. Tolerances—As-cast _ toler- 
ances at present are similar to 
those of sand cast steel. They 
average about +0.030 in. for parts 
up to 1 in.; 0.004 in. per in. for 
parts over 1 in. 

3. Finish—Any finish produci- 
ble in the mold can be reproduced. 
Finishes ranging from highly pol- 
ished to crude sandblast have been 
produced. 


4. Duplication and detail—Fine 
detail such as limited undercuts 
and reverse steps can be repro- 
duced accurately. The casting 
process permits rapid duplication 
of existing parts or models. Initial 
parts can be delivered in a matter 
of days when existing models or 
parts can be used as patterns. 


Typical parts visualized 


According to Polymer Corp., 
MC nylon may provide benefits in 
any industry now using large 
metal or plastics parts where im- 
portant requirements include im- 
pact strength, wear resistance, 
light weight, corrosion resistance, 
low friction, sound damping and 
nongalling. 

Parts for which it is suitable 
include large bushings and bear- 
ings, equipment for handling ab- 
rasive materials, gears, valve 
seats, covers for rolls, slipper 
blocks, drilling chucks, large hy- 
draulic back-up rings, and cams 
on automatic screw machines, 

Test pieces of MC nylon in- 
serted into foundry core boxes 
have provided ten times the wear 
resistance of hardened steel in- 
serts, according to Polymer Corp. 
The company anticipates entire 





Lexan resin provides dimensional stability 
in close-tolerance parts 


Maximum change allowable in the overall dimen- 
sions of this five-inch attitude indicator component 
is only 5 mils over a temperature range of —65° to 
300°F! Moreover, the aircraft instrument part must 
maintain these tolerances under conditions of high 
humidity. To meet these severe requirements for 
dimensional stability, Lear, Inc. selected LEXAN 
polycarbonate resin. 

In addition to high performance, LEXAN offers 
easy and versatile fabrication. Thermoplastic, it is 
injection molded in half spheres which are joined 
by solvent cementing. After lathe turning to insure 
complete accuracy, the spheres are painted three 
different colors. Maximum visibility is obtained by 
lighting from the inside. With their high tempera- 
ture resistance and high impact strength, these 
polycarbonate spheres are both rugged and precise 


design elements. They are fabricated for the Instru- 
ment Division of Lear, Inc. by Monroe Industries — 
both of Grand Rapids, Mich. 

This component is an example of what high- 
performance LEXAN polycarbonate resin can do 
for your designs. The price of the resin has gone 
down, too, as production has gone up. Can you 
afford to overlook the major advantages of this new, 
major design material? Send for design literature. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @® ELECTRIC 


Chemica! Materials Dept., Section M-91 Pittsfield, Mass. 


For more information, turn to Reader Service card, circle No. 365 





Permitting Desirable Departures from 
Conventional Castings: 


@ much more intricate design. 

@ thinner wall sections. 

Coupled with these are the close adherence to design dimensions, 
superior finish and faster production. 


If you are looking for quantity deliveries on castings ranging in 
weight from an ounce or two to several pounds, our shell molding 
department is at your service. It is backed by nearly forty years 
broad experience in the high alloy casting field, which covers static 
and centrifugal castings as well as shell molded. 


Send for Bulletin G-159. 


URALOY 


OFFICE AND PLANT: Scottdale, Po. 


EASTERN OFFICE: 12 East 41st Street, New York 17, N. Y 
CHICAGO OFFICE: 332 South Michigan Avenue, Chicago, Illinois 
DETROIT OFFICE: 1025 Maple Road, Troy, Michigan 

HOUSTON OFFICE: 4101 San Jacinto, Houston 4, Texas 


For more information, turn to Reader Service card, circle No. 384 
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core boxes and draw plates tabri 
cated of the material. Similar ap- 
plications should be found in com 
ponents of mining equipment, 
crushing and grinding equipment, 
and chutes and slides for han 
dling cement, gravel and coal! 

Other potential applications in 
clude suction box covers in the 
paper industry, tooling for metal 
drawing and roll forming, and 
railroad equipment such as thrust 
bearings, journal stops, and truck 
support disks. 


Mill shapes available 


Both custom castings and mill 
shapes are available. At present, 
custom complex shapes ranging 
from 1 to 100 lb in size are being 
made on a limited basis 

Mill shapes available include: 

1. Tubular bar: O.d.’s from 2 to 
15 in.; i.d.’s from 1 to 414 in 
Bars up to 30 in. dia and up to 
10 ft in length can be supplied on 
special order. 

2. Plate: In thicknesses of 14 to 
4 in., standard sizes are 24 x 48 
in. Plate up to 6 in. thick and 4 

10 ft in size are available on 
order. 

3. Rod: Diameters from 3 to & 
in.; lengths from 6 to 24 in. Rods 
up to 24 in. dia are available in 
8-in. lengths on order 


Steel Spring Wire 
Has High Strength 


A new stainless steel spring wire 
is recommended for highly stressed 
applications as in jet engines, food 
and beverage equipment, and chemi 
cal process machinery. The producer 
says tests on 0.075-in. wire show it 
has a tensile strength that is up to 
100,000 psi higher than that of com 
monly used music spring wire. 

The new steel wire, designated 
NS-355, is available from National- 
Standard Co., Niles, Mich. It is sold 
in diameters ranging from 0.003 to 
0.195 in 

Guaranteed minimum _ tensile 
strength of 0.195-in. wire is 290,000 
psi, compared to 245,000 osi fo 





THE GREAT 
ATTENUATOR’ 





"Attenuation — Diminution of 
force, intensity, etc. 





























No other material equals LEAD’S combination 


of effective attenuation, [ow cost and compactness 


IN RADIATION SHIELDING 


X-RAY — Lead has long been the standard material 
for protection against harmful exposure to X-rays. It 
is used in the floors, walls, ceilings, doors and windows 
of X-ray rooms, in the protective clothing for techni- 
cians and in the beam-shaping apparatus of the machine 
itself, 


IN DAMPING VIBRATION 


Lead anti-vibration pads have proved an effective 
barrier to vibration created by railroad trains, printing 
presses, commerical laundry equipment and similar 
machinery. In the installation shown here, the roof-top 
cooling tower for an air conditioning system is mounted 
on lead pads which isolate the vibration from the 
building. 


GAMMA RAYS — Attenuation of gamma radiation 
is directly proportional to the density of the shield. 
Since lead is the densest of all commonly available 
materials, it gives the best protection per unit of thick- 
ness at lowest cost. It is widely used in nuclear reactors, 
radioactive waste containers and nuclear laboratories. 
Photo shows a lead-shielded fork lift truck with leaded 


glass viewing ports, used for transporting radioactive 
materials, 


IN QUIETING NOISE 


Because it is a dense, limp material, lead is an 
excellent sound attenuator and isolator. In powder form 
it is impregnated into the vinyl covering of a new acous- 
tical fabric used to cut down engine roar in both con- 
ventional and jet airliners. This leaded fabric is also 
being used for sound attenuation in other applications 
such as electric typewriters. 


ST. JOSEPH LEAD COMPANY 


250 Park Avenue New York 17, New York 
THE LARGEST PRODUCER OF LEAD IN THE UNITED STATES 


For more information, turn to Reader Service card, circle No. 420 
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wo 
cost-cutting 
advantages 
In 


modern 
Hackney 
Air Receivers 


W seven standard capacities —Costs come down when you specify 
Hackney air receivers. In the Hackney line, you can choose standard 
capacities that will best suit many of your needs from stock. 

Modern Hackney air receivers depart from conventional design to give 
you stronger, lighter construction. Made with two smooth seamless shells, 
cold drawn to exact diameters and uniform wall thicknesses, they meet the 
demands of all pressure vessel codes. One circumferential weld minimizes 
seam area of the tank. 


W supplied to your schedule— Hackney 2-piece air receivers can be 
supplied in quantities on a schedule geared to your assembly operations. 
Openings, fittings, legs and saddles for compressor and motor can be 
located per your specifications. And should you need special capacities 
or construction features, our experience as well as our complete facilities 
can point the way to more economical production costs. 

Capacities: Standard horizontal—30, 60, 80 and 120 gallons. Standard 
vertical—30, 60 and 80 gallons. 

For complete specifications and details, send for our new air receiver 
bulletin, No. AR-1. 


Pressed Steel Tank Company Hackney 


Manufacturer of Hackney Products Since 1902 
1442 South 66th Street, Milwaukee 14, Wisconsin 
Branch offices in principal cities 


CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
For more information, turn to Reader Service card, circle No. 400 
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PROPERTIES OF NS-355 WIRE 





Density, Ib/cu in...... 0.282 

Modulus of Elasticity, psi 

80F..... 29.3 x 10° 

800 F 24.6 x 10° 
Electrical Resistivity, ohm-cm 

at 75.7 

1400 F 109.8 





COMPOSITION OF NS-355 WIRE (%) 





Chromium 15.65 
Nickel 4.38 
Molybdenum 2.68 
Manganese 1.00 
Carbon 0.14 
Phosphorus 0.03 
Sulfur 0.01 
Silicon... : 0.32 
Copper... 0.12 
Nitrogen 0.12 





music wire of the same size; 0.004- 
in. wire is 500,000 psi, compared to 
439,000 psi for music wire. 

Low spring index 

Tests using 0.125 and 0.075-in. 
wire on automatic coiling machines 
show the material can achieve a 
spring index as low as 3 without 
breaking. Spring index is the ratio 
of mean spring diameter to mean 
spring wire diameter. 

The wire is slightly attracted to a 
magnet when annealed and is readily 
attracted when spring tempered. 

KEY NO. 610 


Silicone Fluids Are 
Solvent Resistant 


A new class of silicone fluids has 
been developed by the Silicone Prod- 
ucts Dept. of General Electric Co., 
Waterford, N. Y. Nitrile groups in 
the fluids are said to give them good 
solvent resistance and high dielec 
tric constant 
Four grades available 

Four experimental fluids are avail 
able at present. The products ars 
numbered XF-1105, XF-1112, XF 
1125 and XF-1150: the last two 
digits indicate cyanoethyl content 
Introductory prices range from $11 
to $16 per Ib. 

The fluids are expected to be used 
for non-aqueous antifoams, basé« 
stocks for solvent resistant greases 
and coatings, antistatic agents, and 





NEW FROM DUPONT... 


a thermoplastic 
“Teflon” film that’s 
easy to fabricate 


BOND IT! 


New “TEFLon’’* FEP-fluorocarbon film has nearly ail the 
unique advantages of ‘““TEFLON”’ TFE with one big plus. It’s a 
true thermoplastic that can be easily formed and sealed. One = 
. . ° . ° BETTER THINGS FOR BETTER UVING 
type of this new film can be applied with adhesives, another THROUGH CHEMISTRY 


can be laminated and heat-bonded without them. 


Here are just some of the advantages of ‘““TEFLON’”’ you get 
" ° , . s T : > < : . " ly « Pa . . " : > 
in this new film ¢ Unique antistick and low-friction properties a: deat de Binnie OOK Cae 


¢ Chemically inert to practically all known chemicals @ Elec- Film Department 9531-N (T) 
, : . ‘ , Wilmington 98, Delaware 
tricals are high (up to 4,000 volts/mil dielectric strength) and 


stay high @ Performance stays virtually constant from —250°C Name 


to over 200°C. Company Name 
‘Tee ” DDD «£1 Address_ 
l'eEFLON”’ FEP film opens the door to whole new areas of 


design and product improvement. Mail coupon and start in 


einai = 26 anne ah Job Function 
vestigating ‘““TEFLON” FEP film for yourself. (Briefly describe ARP ey 


the end use you have in mind. *Du Pont trademark 


For more information, turn to Reader Service card, circle No. 481 
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Time-tested Standard 
of the Resistor Industry! 


! i ! | 
RESISTANCE vs TEMPERATURE | 
FOR EVANOHM 


+ +4 


SPECIFICATIONS 


Nickel 
Chromium + | oe 
Ti Visal ial’ taal 


Copper 





800 ohms/cmf 
134 microhm cm 


000014/°C 


. 4 ty 
8.10 em/ce 


Specify EVANOHM for exceptional 
stability over wide temperature ranges. 
This WBD precision resistance alloy 
provides high specific resistance, low 
temperature coefficient and low thermal! 
EMF to copper. It is especially recom- 
mended for high reliability applications 

resistors, precision instruments, 
missiles and critical equipment. Avail- 
able in bare wire, enameled or insulated. 


293 
None 
180,000 psi 


0.152 W/cem/°C 


FINE WIRE ALLOYS IN A FULL RANGE OF RESISTIVITIES 





Ke. “ ALLOY 


Evanohm® 


, T.C. of Resistance 
conlpnanten (ohms/ohm/°C, Ss 
20-100°C) 


Resistivity 
(ohms/cmf) 


75 Ni-20 Cr- 800 000005 8.10 
_2.5 Al-2.5 Cu 


80 Ni-20 Cr 


pecific 
Gravity gms/cc 








000085 8.412 
61 Ni-15 Cr-bal. Fe 00013 8.247 
§5-Cu4ss Ni +.000020 8.90 

"70 Ni-30 Fe . ere 

= . ae : ie 0060 8.90 
CuNi 30-180 ||| ##.00130-.00018 8.90 

: G02" and finer 


Tophet A® 





Tophet® ( 





Cupron® (Consta 








Baico® 


Baliast® (Pure Nickel 








30,60,90.180 Alloys 


Call or write for EVANOHM brochure to 


WILBUR B. DRIVER COMPANY 
NEWARK 4, NEW JERSEY — Telephone: HUmboidt 2-5550 
in Canada: Canadian Wilbur B. Driver Co., Ltd., 50 Ronson Drive, Rexdale (Toronto) 
PRECISION RESISTANCE, ELECTRONIC ANDO MECHANICAL ALLOYS FOR ALL REQUIREMENTS 
For more information, turn to Reader Service card, circle No. 369 
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plasticizers and additives for various 
plastics. 

The new fluids are insoluble in 
nonpolar solvents such as aliphati 
and aromatic hydrocarbons, and sol 
uble in certain polar solvents such 
as alcohols, ketones and ethers, Other 
properties are as follows: 

Hudrolytic stability: The fluids do 
not hydrolyze or decompose after 90 
hr in boiling distilled water. 

Thermal stability: The fluids do 
not have the thermal stability of 
other methyl and pheny! 
fluids at high temperatures, but 
weight loss tests indicate possibl 
usefulness for long periods at tem 
peratures up to 300 F. 

The dielectric 


silicone 


Dielectric constant: 





Polishing germanium — A new 
electrochemical technique for rapid, 
scratch-free polishing of germanium 
and silicon wafers for transistors 
has been announced by Bell Tele 
phone West St., 
New York 14. Semiconductor slices 


Laboratories, 463 
are mounted on a nonconducting 
lisk. After electrical contact is made 
to the slices, they are placed on a 
polishing wheel over which an elec 
flows. The slices are then 
electroetched and polished to a 
smooth surface. When the polishing 
wheel rotates, a film of electrolyte 
separates and automatically main- 
tains the semiconductor at a rela- 
distance from the 

KEY NO. 612 


trolyte 


tively constant 


wheel 








New strippable plastic film 
for protection of stainless steel surfaces 


Protects your product 
lity during handling 
fabrication while 

1g these eight 


f 


advantages 
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You get greater protection plus economy with the new in-fab plastic coating now being applied to MicroRold" 
stainless steel sheet, cut strip, and coiled sheet and strip. The semi-transparent protective film is 20% lower 
in cost than regular adhesive paper and offers more versatility in fabrication. The protective film is applied 
at our mill on customer order only, and is available on stainless steel in gages from .018” to .050” in widths 
up to 42”. It is guaranteed to strip off in one piece by loosening with fingernail at any corner. 


Strippable plastic protection is intended as a safeguard only during ordinary handling, storage and fabri- 
cation—not as a barrier for weather, water damage, undue abrasion, impact or foreign substance. Once 
removed it will not adhere again. 

Want more information or a test sample? Write to Product Development 


Dept., Washington Steel Corporation, 9-F Woodland Ave., Washington, Pa. 


WASHINGTON STEEL CORPORATION stat. 


Washington, Pa 


For more information, turn to Reader Service card, circle No. 320 
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corrosion 
resistant 


URACO 


replaces costly metal fabrications 


in the 


METALWORKING 
industry 


Ceilcote engineers complete ven- 
tilating systems, gas scrubbing 
towers, hoods, tank covers, ducts, 
recovery tanks and other custom- 
ized fabrications. 





in the 


TEXTILE 
industry 


Complex rayon spin machines, 
feed pipes, filters, screens, tanks 
and similar equipment are fab- 
ricated from Duracor. 





in the 


PETROLEUM 
industry 


Acid storage tanks, tank trailers, ex- 
haust systems, pressure pipes and 
other Duracor products are render- 
ing outstanding service. 





in the 


CHEMICAL 
industry 


Duracor is used extensively for Flexural Strength p.s.i.: 
special processing equipment, 20,000-30,000 
processing tanks, laboratory sinks, ge ey 
brine tanks, acid storage tanks, Flexural Modulus of Elastic- 
covers and ventilating systems. 


PHYSICAL PROPERTIES 
Tensile Strength p.s.i.: 
11,000-15,000 


ity p.s.i.: 0.78—1.6 x 10° 


Impact Izod, Notched 
ft.-ibs./in.: 30—40 


Save up to 40% over costly metal structures Specific Gravity: 1.4 
Coefficient of Linear 


with Duracor processing equipment and ventilat- Eocamaien 05 5 164 


ing systems! A product of Ceilcote’s 33 years of in./in 

Standard Color: 

Light Green/Gray 
Maximum Temperature 
(Exposure): To 500°F 


corrosionproofing experience, Duracor combines 
extreme chemical resistance and high strength 
with light weight, heat and flame resistance. 
WRITE TODAY FOR VISUAL STAND- 
ARDS AND INDUSTRY SPECIFICATIONS! 





WAC A 


THE CEILCOTE COMPANY, inc. 


4899 Ridge Road * Cleveland 22, Ohio 





For more information, turn to Reader Service card, circle No. 393 
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constant of the new fluids ranges 
from 3 to 20 at 60 cps, compared to 
2.5-3.0 for standard silicone fluids. 
Electrical conductivity: According 
to GE, nitrile silicone fluids can be 
formulated with a volume resistivity 
of 10° ohm-cm, compared to 10”-10" 
for conventional silicone fluids. 
Surface tension: The surface ten- 
sion of the new fluids ranges from 
23 to 26 dynes per cm, compared to 
21 to 23 for dimethyl silicone fluids. 
Toxicity: Preliminary toxicologi- 
cal tests indicate the fluids are rela- 


tively nontoxic. KEY NO. 611 


Noted briefly in our June issue 


Gold Electroplates Are 
Hard, Ductile, Pure 


A new acid-type electroplating 
solution is said to produce high pur- 
ity (99.994+%), 24-karat gold de- 
posits to any desired practical thick- 
ness. 

Called Temperex HD, the formu- 
lation is available from Sel-Rex 
Corp., Nutley 10, N. J. It is espe- 
cially suited for gold plating elec- 
tronic devices such as transistors. 

Chief advantages of deposits from 
the formulation are: high hardness 
(75 Knoop), good ductility, good 
machinability, and good solderability 
and weldability. 

The plating solution is adaptable 
to both still and barrel plating oper- 
ations. KEY NO. 613 


Noted briefly in our July issue 


Light Ablation Plastic 
for Rocket Applications 


A new ablation plastic for missile 
and rocket applications such as 
motor liners and exhaust cones has 
been introduced by Taylor Fibre Co., 
Norristown, Pa. 

The high pressure reinforced plas- 
tic, designated Tayloron 5000, con- 
sists of alternate layers of asbestos 
and nylon impregnated with a pro- 
prietary, high temperature phenolic 
resin. A big advantage of the ma 
terial is that it is 25% lighter in 
weight than similar materials now 
used for rocket and missile parts. 

The plastic is also said to have 





Nickel-Chrome Plating shines through the 


years of wear she’ll give this bievele 


Nickel-Chrome Plating is more than a 
match for the hard wear that means 
bicycling fun for youngsters. It’s beauti- 
ful, it’s durable—and stays that way 

despite rain, dust, bumps and scratches. 


Rugged resistance to corrosion and 
lasting protection for the basis metal are 
why the manufacturers of this beautiful 
bicycle specify Nickel-Chrome Plating. 
It’s put to work where wear is at its 
worst—on cranks, sprockets, wheel rims, 
fenders, handlebars and wire and tubu- 
lar luggage carriers. 


Nickel-Chrome Plating works so well 
with so many basis metals. It gives de- 
signers true flexibility in selecting basis 
materials for top performance, simpli- 


fied fabrication, and practical produc- 


tion cost. And it gives metal finishers a 
coating system that protects the product 
for years of rugged wear. 


Plan to use Nickel-Chrome Plating. 


Automotive trim...large and small appli- 


ances...hand plumbing fixtures...almost 


any product can have a durable, attrac- 


tive finish—no matter what basis metal 


or fabricating method is used. For more 
information on decorative plating, write 
for your copy of “The Contribution of 


Nickel and Chromium to the Durability 
of Decorative Plating.” 


The International Nickel Company, Ine. 


67 Wall Street re. New York 5, N. Y. 
> N ree NCO w York 5 


Ineo Nickel 


Nickel makes plating perform better longer 


=~ 7 ~ 
Arrows where Nickel-Chrome 
Plating is used for shining good looks and 


indicate 


rugged service. 


For more information, turn to Reader Service card, circle No. 440 
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Typical profiles of Edgewater Rolled Steel Rings 


HERE’S AN IDEA TO HELP REDUCE 
“profit squeeze” 


Buy rings that are formed so close to finished shape and dimen- 
sions that very little machining will be needed. The result—less 
labor, less scrap loss, lower overall cost 

Edgewater rings are forged from solid blocks of steel, and 
rolled by a powerful ring-rolling mill to required cross-section 
shapes (see typical profiles above). Close tolerances minimize 
finishing operations 

Edgewater rolled steel rings are of uniform quality, strong and 
tough. Diameters: from 5 to 145 inches. Send drawings for rec- 
ommendations and prices ’ 


INTERESTING description of 
the ring-rolling process is given 
in this brochure, Edgewater 
Rolied Steel Rings. We wil! be 
gied to send you a copy 


EDGEWATER STEEL COMPANY 


P. O. Box 478 Dept. MDE, Pittsburgh 30, Pa. 


For more information, turn to Reader Service card, circle No. 439 
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PROPERTIESIOF{TAYLORON 5000 


Sp Gr ¥ 1.36-1.40 
Water Abs, % 0.25-0.30 
Flex Str, psi 

Lengthwise 17,000 

Crosswise 14,000 
Ten Str, psi 

Lengthwise 14,000 

Crosswise 9,000 
Ten Mod, psi 

Lengthwise 1.37 x 108 

Crosswise 1.05 x 10° 
Compr Str, psi 30,000 
Rockwell Hardness M100 
Ther Cond, Btu hr /sq ft /°F/in 

150 F. 0.71 

200 F 0.75 

250 F 0.77 
Sp Ht, Btu ib °F 0.29 








good ablation and heat resistance. 
Tests show that a %-in. thick speci- 
men of the material has a burn- 
through time of 5 to 6 min when ex- 
posed to a 5000 F flame; it takes 
160 to 170 sec for the cold face of 
the specimen to rise to a tempera 
ture of 400 F. 

The new material is supplied as 
rods, tubes, sheets and plates. A pre- 
preg form, called Tayloron 5000B, is 
also available for molding and lay 
up laminating of large and small 
shapes KEY NO. 614 


Colloidal Alumina 
Strengthens Materials 


A new colloidal alumina can be 
used to improve the properties of a 
variety of engineering materials, in 
cluding metals, ceramics, paints and 
plastics. 

Called Baymal, the alumina dis 
perses and swells in water to form 
a stable colloid. It is currently avail 
able in developmental quantities 
from E. I. du Pont de Nemours & 
Co., Inc., Wilmington, Del. Intro 
ductory price is $3.50 per Ib 


Six important properties 


The new material has six impor 
tant properties: 1) it is water dis 
persible; 2) it consists of fibrillar 
particles that result in film forma 
tion; 3) it has very small particle 
size and therefore high surface re 
activity; 4) it has a positive ionic 
charge in aqueous dispersions; 5) it 
has both a hydrophilic and organo 











How wood engineering helps this ship 
do the work of a fleet 


THIS SHIP — the METHANE PIONEER — is the only 
one in the world that has ever transported a cargo 
of liquid methane across the ocean — and she’s 
done it regularly. 


It would take 600 ships like this one to trans- 
port a load of liquid methane in its natural, gaseous 
form! By bringing its temperature down to -258°F. 
at atmospheric pressure, the methane is liquefied 
to a small fraction of its original volume. 


How does wood engineering enter into all this? 
Because wood is a good insulator whose strength 
increases as temperature decreases. Its properties 
make possible an insulating system (for the stor- 
age tanks) that is liquid-tight, load-bearing, and 
retains its integrity despite extreme cold and the 
rack of the ship. Gamble Brothers wood engineers 
assisted their client, Constock (now Conch) Inter- 
national Methane, Ltd., in the design—then fabri- 
cated and installed a foot-thick, balsa-wood-panel 
insulating system that has met all requirements. 


Problems like this are “all in a day's work” to 
the wood engineers at Gamble Brothers—a unique 
organization designing and building a wider variety 
of wood products than any other U. S. woodwork- 
ing company. Today they’re working in three prin- 
cipal areas: (1) improvement of present wood 
products (2) development of new wood products 
(3) product development in combinations of wood 
and other materials. 

Why not present your design problem to Gamble 
Brothers? WOOD may be the answer! 


FREE booklet illustrates GAMBLE services 


This 28-page booklet de- 
scribes Gamble facilities and 
services in detail. Includes 
many photographs of unusual 
products designed, tested 
and perfected by Gamble 
Brothers. Write for your 
copy today! Gamble Brothers, 
Inc., 4627 Allmond Ave., 
Louisville, Ky 


If the problem involves wood, Gamble can help! 


GAMBLE BROTHERS, INC. 


4627 Alimond Avenue, Lovisville, Kentucky 


For more information, turn to Reader Service card, circle No. 367 


SEPTEMBER, 1961 » 





For economical under-paint protection 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN + OVER 160 MATERIALS 


philic nature; and 6) it 
toxicity, 


Potential uses 


Inorganic fibers: High surface 
area, positive charge and film form- 
ing properties are said to make the 
alumina an effective binder for use 
in such inorganic fibers as glass, 
asbestos, rock wool and aluminosili- 
cates. 

Coatings: Coherent, clear-to-trans- 
lucent coatings of the colloidal alu- 
mina can be applied to many types 
of surfaces for protective and deco- 
rative effects. According to Du Pont, 
the coatings are microporous, readily 
wetted and slowly permeable to 
water and polar organic solvents. 
Thin films of the material are said 
to contribute both antisoil and anti- 





This pointed tubing wos Crys- 
Coated. Repected punching did 
not break point grip despite 
severe cbuseand deformation 


These two panels were identicolly painted, scored with an “X” 
and exposed to solt sproy test for 480 hours. The difference: the 
one on the right wos first trected with an Oakite CRYSCOAT iron 
phosphate conversion coating 


Oakite CRYSCOAT, iron phosphate coatings 
cut the cost of corrosion-protection 


You get proper protection plus economy with CrysCoat iron phos- 
phate coatings. 

First of all, they lock paint to steel, giving a superior paint grip 
under bending stresses. Bend tests show less chipping and flaking 
of paint. And note how paint held tight even at punched holes in 
the sample above. 

Secondly, they keep corrosion from spreading at every scratch, 
as the panels above show so graphically. 

But most important, they save money. Because CRYSCOAT iron 
phosphate processes clean as they phosphate. Because you need 
only a three-stage washer. Because no acid-proof equipment is re- 
quired. You save both on equipment and production time. In 
addition, the smoother iron phosphate coatings soak up less paint 
than coarser phosphate coatings ... giving you a sleek finish with 
one less coat. 

It will pay you to ask Oakite about phosphating. You'll tind tne 
right one for your requirements in the complete CrysCoat line which 
includes both zinc and iron phosphate processes, for spray or tank, 
for room or elevated temperature operations. Meanwhile, write for 
Bulletin F-9475. Oakite Products, Inc., 26H Rector Street, New 
York 6, N. Y. 


it PAYS to ask Oakite 


OAKITE 


Est. 1909 
years’ leadership in industrial cleaning 


For more information, turn to Reader Service card, circle No. 326 
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static properties to materials coated. 

Ceramics: The alumina can be 
used to increase plasticity of ce- 
ramic slips for improved extrudabil 
ity. It can also be used as a refrac 
tory coating to improve heat and 
abrasion resistance of ceramic su) 
faces, 

When used alone, Baymal can be 
cold pressed to form alumina bodies 
with high strength in the unfired 
state. These bodies can be fired to 
density at temperatures somewhat 
lower than for large-particle, com- 
mercial alumina powders. The fired 
material does not crack or craze and 
does not change its relative dimen- 
sions, according to Du Pont. 


Noted briefly in our June issue 


KEY NO. 615 


Permanent Magnet Has 
Improved Properties 


A new permanent magnet mate 
rial, called Alnico VIII, is said to 
have over twice as much resistance 
to demagnetization as Alnico V. 
Coercive force and maximum energy 
product of the material are said to 
be substantially higher than tnose 
for Alnico VI and VII. Temperature 
stability of the new material is ex 
cellent, according to the developer. 

The material, now available from 
Crucible Steel Co. of America, P. O. 
Box 88, Pittsburgh 30, is the newest 
addition to a group of dispersion 
hardened alloys containing alumi- 








When quality steel forgings are cut in half, polished, 
etched, and dyed, you can see one reason for their great 
strength. The grain structure shows how the forging 
process has “worked” added strength into the steel. Note 
how the grain follows the contour of the forgings, placing 


the greatest strength where it is most needed. 
FORGED STEEL IS SOUND STEEL 


Forged steel has strength without undue bulk. It’s eco- 


nomical because it saves many costly machining and 


for Strength 
. . Economy 
Versatility 


ave flow lines ltke these 


fabricating operations. Forging improves the steel’s me- 


chanical properties, adds to its service life. 


SOUND STEEL “MAKES” THE FORGING 
No one knows better than the forger that the quality of 


the steel is a forging’s most important ingredient. That’s 
why so many forgers use Bethlehem steels—carbon and 
alloy grades they can always rely on to meet their require- 


ments. You'll find you can rely on them, too. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 





For more information, turn to Reader Service card, circle No. 407 





IMPERVIOUS 
ALUMINA OF 
MULTE... 





_ Write for information today! | 


& 


For more information, turn to Reader Service card, circle No. 426 
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COMPOSITION OF ALNICO VIII (% 





Aluminum 
Nickel 
Cobalt 
Iron 
Copper 
Titaniun 





PROPERTIES OF ALNICO Vill 





Density, Ib cu in 0.265 
Elec Res, ohm-cm 50 x lf 
Rockwell Hardness C58 
Residual Induction (B .), gauss 37 
Coercive Force (H..), oersteds 1450 
Max Energy Product (BH) 4.5 x 108 





num, nickel, cobalt, iron, copper and 
titanium. It is expected to be used 
in motors, generators, speakers and 
meters. 

The magnet material is cast to 
shape in sand or shell molds and 
further formed by abrasive cutting 
and grinding. It requires a mag 
netic heat treatment to develop 
strong directional magnetic proper 
ties. KEY NO. 616 


Phenolic Extrusions 
Are Strong, Low Cost 


Limited commercial production of 
phenolic and other thermosetting 
plastics extrusions has been an- 
nounced by York Industrial Plastics, 
Inc., York, Pa. 

The producer says extruded phe- 
nolic parts have a very fine surface 
finish with a higher gloss than parts 
produced by other methods. Physical 
and electrical properties are about 
the same as those of parts made by 
conventional methods. 

The extrusion technique for ther 
mosets has been in use in Europe 
for some time and is now being de- 
veloped as a production tool in this 
country. The process is said to offer 
a means of continuously producing 
not only rod and tubing, but also 
other shapes of highly complicated 
cross section, in any length desired. 


Compete with laminates 

The phenolic extrusions are ex 
pected to compete with paper- 
phenolic laminates and aluminum ex 
trusions in a number of applications. 
The phenolic extrusions have highe: 


compressive strength and better elec 





An example of Avisco Rayons in Industry 


Why the medical profession is interested 
in new Medical grades of Avisco rayon 


Avisco medical grade rayons are gaining rapidly in acceptance 
for medical-hygienic purposes. For information, send in the 
Quick Reply Coupon below. 


Wherever they have been demonstrated, medical grades of 
Avisco rayon have stirred the interest of manufacturers of 
medical and hygienic supplies. The reasons are clear. 


1. They require no cleaning to remove foreign particles. 
2. Products have less lint because the fiber length is con- 
trolled and uniform. 
. They absorb faster, and more. 
. Products have longer shelf life. 
. They’re whiter and softer. 
3. They have no static hazard. 


(Rayon is the only man-made fiber permitted for operating 
room use by NFPA Code for Use of Flammable Anesthetics # 56) 


Tests made by a leading manufacturer of surgical dressings and 
bandages dramatically prove that absorbent balls of an Avisco 
medical grade of rayon not only absorb water faster than the 
traditional fiber but also maintain a constant rate of absorbency 
regardless of age. And the same manufacturer states that the 
rayon balls hold their shape, wet or dry. See for yourself why 


QUICK REPLY COUPON 


Industrial Merchandising Division 
American Viscose Corporation 
350 Fifth Avenue, New York 1, N.Y. 


Please contact me about Avisco Rayons for use in the 
following application: 


Name 

Company 

Address. 

CON. .niininspiernitimnnn ne State 


a 


a 


AVISCO = RAYON 


AMERICAN VISCOSE CORPORATION, 360 Fifth Avenue, New York 1, N. Y. 


For more information, turn to Reader Service card, circle No. 338 
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MEEHANITE METAL 


MEEHANITE CASTINGS ARE MADE ONLY BY MEEHANITE FOUNDRIES. 


192 


MEEHANITE 


GEAR 


BROCHURE 


Presents Engineering Data 
important To Gear Users 


In the design of a gear, the most important single factor is the 
correct choice of material since it controls the overall dimensions, 
the degree of accuracy and finish and performance. 


This new 16-page brochure presents the essential facts and per- 
formance figures on several types of Meehanite meta! that are 
highly recommended and used for a wide range of gear applica- 
tions. It explains how Meehanite meets important gear require- 
ments and why industry is utilizing more and more Meehanite 
gears to increase service life and reduce down-time and costs. 
Meehanite metal provides a unique combination of properties. Its 
inherent advantages of high strength with low co-efficient of fric- 
tion, excellent noise damping capacity, free machinability and 
resistance to wear and surface fatigue failure contribute greatly 
to gear accuracy and service reliability. 

For your free copy of this informative brochure, write to the 
Meehanite Metal Corp., New Rochelle, N. Y. Ask for B-53-Meehanite 
Gears serve industry . . . better. 


For more information, turn to Reader Service card, circle No. 417 
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Typical parts that can be made 
from phenolic and other resins by 
a new ram extrusion technique. 


trical properties under wet condi- 
tions than paper-phenolic laminates. 
And cost of the phenolic extrusions 
is about 50 to 75% less than that 
of equivalent laminated items. 

Compared to aluminum extrusions, 
the extruded phenolics offer a price 
advantage in material cost. Built-in 
color and lower thermal conductivity 
are said to be additional advantages 
in such applications as window 
frames and storm sash. 


Ram extrusion technique 


The phenolic parts are produced 
by a ram extrusion technique in 
which resin is forced through a 
forming die by a ram. A rising tem- 
perature gradient is maintained, and 
at a predetermined point the ma- 
terial becomes fully plastic. An ex- 
tended portion of the die provides 


a curing zone. KEY NO. 617 


Neoprene Adhesive 
Has High Peel Strength 


A new, general purpose neoprene 
adhesive is said to give bonds that 
have high peel strength, remain per 
manently strong and resilient, and 
have good water resistance, 

The adhesive, called D-239, is 
available from Armstrong Cork Co., 
Industrial Div., Lancaster, Pa. 

It is designed for bonding sup- 
ported vinyl fabrics to metal, wood 
and composition bases; thin-gage 
metals to wood, asbestos board and 





PRODUCT-DESIGN BRIEFS 
FROM DUREZ 


Space saver 

“Build a relay that’s small enough to put 
in a topcoat pocket—and has the power 
rating of much bigger relays.” 

This was the challenge Westinghouse 
engineers faced. They met it with the help 
of low-cost Durez® phenolic molding 
compounds. 

Five structural members of the new 
relay are molded from phenolic. All are 
excellent examples of the fine detail that’s 
achievable with today’s phenolics to help 
you Save space. 


The relay’s crossbar (left center), a 
moving part, requires extra strength in 
the contact supports. It is transfer molded 
from a Durez general-purpose compound 
that provides slightly higher-than-usual 
impact strength. Edges must be perfect, 
and very little flash can be tolerated. 

All other parts are molded in Durez 
265 Black, a general-purpose compound 
chosen mainly for its good moldability 


New twist in tanks 


This concept in tank design mates the 
structural strength of steel with the corro- 
sion resistance and fire retardance of 
Hetron® polyester-glass laminates. 

The result is a very strong, durable tank 
that can be erected in virtually any size, 
with a safety factor of 40:1 or better 
Besides being corrosion-resistant, the tank 


® Choosing materiais for a relay 


® Building bigger plastic tanks 


is free from galvanic action. Some tanks 
can be molded translucent, which elimi- 
nates the need for gauging. Marketed un- 
der the name “Kabe-O-Rap,” the tanks are 
produced by Metal-Cladding, Inc., North 
Tonawanda, N.Y. 


MTT 7 2 


me & 


Factory-molded tank segments are made 
of Hetron resin reinforced with fibrous 
glass. A stainless-steel cable is wrapped 
helically around the plastic shell. The 
cable stabilizes the shell by taking up 
nearly all stresses transmitted by con- 
tained liquids. 

This is one of many structural jobs for 
which designers are choosing Hetron, the 
inherently self-extinguishing polyester. 
You can find out all about Hetron and its 
uses by checking the coupon for a copy of 
the “Designer’s Data File.” 


“Facts on Phenolics” 
compounds. 


® Designing rust out of a pump 


Super-tough plastic 
This is part of a sump pump. It’s the part 
you normally don’t see—because it sits 
for months at a time in water that’s dirty, 
oily, greasy, soapy, or just plain corrosive. 
How, then, can the manufacturer of 
this pump—Bruner Corporation, Milwau- 
kee—offer a “lifetime guarantee” that this 
housing won't rust or corrode? 
Reason: it’s molded of phenolic. No 
ordinary phenolic, but a high-impact glass- 
filled material, Durez 16771. 


This phenolic permits close tolerances, 
because there’s little or no molding shrink- 
age. The pump housing is rugged enough 
to support a “%3-hp motor mounted over 
the center opening, and a 14%” discharge 
pipe screwed into the hole at upper left 
Corrosion tests of the housing indicate it 
will outwear all common metals, includ- 
ing stainless steel. 

We're betting it won't be hard for you 
to think of places where you can use a 
super-tough, easily molded plastic like 
this. To help you do so, we've made avail- 
able a 4-page illustrated bulletin, “De- 
signing High-Impact Phenolic Molded 
Parts.” It gives design rules based on latest 
experience. Use coupon to request a copy 


For more information on Durez materials mentioned above, check here: 


pocket guide lists properties of typical Durez molding 


“Designer’s Data File” describes uses, advantages of Hetron polyester 


“Designing High-Impact Phenolic Molded Parts”—4-page illustrated bulletin 


Check, clip, and mail to us with your name, title, company address 


DUREZ p.iastics DIvISION 


1409 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER 





HOOKER CHEMICAL CORPORATION 


CHEMICALS 
PLASTICS 


For more information, turn to Reader Service card, circle No. 333 
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THERMOSTATIC 
BIMETAL 


ACTUATES ANOTHER 
PRECISION PRODUCT. 


INFINITE 
CONTROL 
SWITCH 


A PRODUCT OF: ARK-LES INFINITE CONTROLS, INC 
WATERTOWN, MASSACHUSETTS 
The ARK-LES Infinite Control Switch is a superb example of the 
word “infinite”. In this application it means an infinite number 
of heat positions — giving a per cent control of full heat or full 
wattage regardless of cooking conditions. 


To start the cycle, the knob is set at any position except “high”. 
This moves the calibrating arm (A) to the right. The ambient 
compensating bimetal (B) connected to the arm, acts as a loading 
spring by transmitting force through the cross link to the main 
bimetal (C) causing the main bimetal contact to engage the 
contact on the auxiliary bimetal (D). When the main contacts 
engage each other, load current flows through the bimetals, 
causing them to increase in temperature. Main bimetal moves left. 
Auxiliary bimetal follows this movement, due to the fast-acting 
marrow bimetal strip (E) on the auxiliary bimetal assembly. 
Increasing temperature causes the main auxiliary bimetal to move 
right as the main bimetal is bending left. This effects a clean 
break. Open, the bimetals cool — the main bimetal much more 
slowly due to the heat control insulator (F). After a cooling 
period, both contacts are moving toward each other and the cycle 
is repeated. 


Not one or two, but FOUR pieces of Chace Thermostatic Bimetal 
actuate this fine ARK-LES product! And this ambient-compensated, 
thermally-balanced infinite control will act as specified for many 
thousands of cycles. That's dependability. Along with precision 
Thermostatic Bimetal manufactured to the most exacting specifica- 
tions, Chace has specialized in utter dependability for more than 
a third of a century. Manufacturers the world over specify Chace 
Thermostatic Bimetal with complete confidence. 


Sead How For Our Hew “Information Gooklet” / 


It contains many well illustrated pages of valuable design data 
and examples of successful applications of bimetal! More than 40 
types of Chace Thermostatic Bimetal are available in coils, strips 
and completely fabricated elements of your design. 


W. M. CHACE CoO. 
Thermostatic Bimeltal 
1615 BEARD AVE., DETROIT 9, MICH. 


For more information, turn to Reader Service card, circle No. 474 
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Flexibility of new adhesive is dem- 
onstrated by this 180-deg peel vest 
of a fabric-backed urethane speci- 
men bonded to a sheet of steel. 


composition bases; and fabric-backed 
urethane sheets to metal and wood 
Described as an air drying, sol 
vent-type adhesive, Armstrong’s D 
239 has the consistency of thin 
syrup and can be applied by brush, 
spray and roller coater. It is said 
to have excellent aging properties 
KEY NO. 618 


Two Synthetic Latexes 
Protect Metals, Paper 


Two new synthetic latexes—a poly 
ethylene latex and a modified sty 
rene-butadiene resinous type latex— 
have been introduced recently. The 
styrene-butadiene latex is designed 
specifically for use as an air-dry 
metal primer and the polyethylen: 
latex as a coating on paper. 


1. Styrene-butadiene latex 


The styrene-butadiene latex, called 
liolite Resin Latex 481-X, is avail- 
able from the Chemical Div. of Good- 
year Tire and Rubber Co., Akron 16, 
Ohio. It dries clear and nontacky 

The new latex is expected to be 
used as a primer on automobile 
bodies, structural steel, farm imple- 
ments and vending machines. Ap- 
plied by brush, spray or dip methods, 
the primer can be top-coated wit) 
conventional air-dry or baked enamel] 
finishes. 

Metals coated with the latex hav: 





KNOW YOUR ALLOY STEELS... 

This is one of a series of advertisements dealing with basic 
facts about alloy steels. Though much of the information is 
elementary, we believe it will be of interest to many who may 
find it useful to review fundamentals from time to time 


for Strength 
Economy 


Versatility 


Determining the Proper 
Depth of Case in Alloy Steels 


In one of the recent articles in this 
series we discussed the carburizing 
of alloy steels, pointing out that the 
purpose of carburizing is to provide 
a hard, abrasion-resistant outer shell 
or ‘“‘case.’’ Such a discussion natu- 


rally gives rise to the question, 
What factors influence the choice of 
Should it be shallow? Medi- 
um? Deep or extra-deep? 


While it is not always wise to 


case r 


formulate hard-and-fast rules, the 
following may be used as a general 
vardstick: 

Shallow cases (less than 0.02 in.). 
Suitable where wear-resistance alone 
is the chief requirement, and where 
good surface condition after heat- 
treating is advantageous. Not suit- 
able if high stresses are apt to be 
encountered in service. 

Medium cases (0.02 to 0.04 in.). 
For high wear-resistance. Will stand 
up under substantial service loads 
and stresses. The thickness is suffi- 
cient to permit certain finishing 
operations, such as light grinding. 

Medium-to-deep (0.04 to 
0.06 in.). For high wear-resistance. 


\ case in this depth range is essen- 


cases 


tial where continuing friction is 


involved, especially friction of an 


abrasive or semi-abrasive nature. 


It is also a good precautionary 


BETHLEHEM STEEL COMPANY 


BETHLEHEM, 


measure where application of the 
finished part may sometimes in- 
volve crushing action. 

Extra-deep cases (more than 0.06 
in.). Cases of this depth can be 
obtained by extending the furnace 
time in pack carburizing. Highly 
wear-resistant, extra-deep cases also 
withstand shock and impact. A large 
camshaft of an internal-combustion 
engine is a good example of a part 
requiring the extra-deep case. This 
is especially true of the cam lobes 
themselves. 

If you need advice concerning 
case-hardened parts, let us arrange 
for one of our metallurgists to assist 
you. Bethlehem engineers are al- 
ways on call, and you can depend 
on their recommendations. And you 
can depend on Bethlehem, too, when 
you need alloy steels; for Bethlehem 
makes the full range of AISI stand- 
ard grades, as well as special-analysis 


steels and all carbon grades. 


This series of alloy steel advertise- 
ments 1s now avatiable as a compact 
booklet, ‘Quick Facts about Alloy 
Steels.’’ If you would like a free copy, 
please address your request to Publt- 
cations Department, Bethlehem Steel 
Company, Bethlehem, Pa. 


PA. : Sales: Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 


For more information, turn to Reader Service card, circle No. 410 
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NEWARK 


CORROSIVE 
SERVICE 





In many metals including... 
STAINLESS STEEL 

MONEL « NICHROME 
PHOSPHOR BRONZE 
ALUMINUM 

BRASS « COPPER 


For many uses involving... 
FILTER CLOTH © SIEVES 
STRAINERS « SCREENS 
BACKING CLOTH 

WIRE GUARDS 

BOLTING CLOTH 


SPACE CLOTH 
BASKETS 


If you have a tough corrosion problem and need wire 
cloth or wire cloth parts, here’s a source of supply that 
knows the answers. We are proud of the quality of our 
cloth...accurate mesh count, close tolerance wire di- 
ameter, precision weaving...plus the know-how neces- 
sary to specify the proper alloy for your service conditions. 


Write or call us today if you have a problem 
calling for anti-corrosive wire cloth or wire 


f “ACCURACY cloth parts. Send for Bulletin F-C. 


196 + 


ewark ire Gloth 
COMPANY 


351 Verona Avenue * Newark 4, New Jersey 
Teletype: NK607 ° Tel.: HUmboldt 3-7700 


Representatives in all principal industrial areas 


For more information, turn to Reader Service card, circle No. 406 
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shown no traces of corrosion after 
100 hr of continuous exposure to salt 
spray. Water immersion tests have 
produced equally good results, ac- 
cording to Goodyear. 

Other advantages of the material 
are excellent adhesion to steel before 
and after water immersion and good 
shelf aging when pigmented. Be- 
cause no solvents are present in the 
latex, fire hazards are practically 
eliminated, KEY NO. 619 


Noted briefly in our June issue. 
2. Polyethylene latex 


The polyethylene latex is now 
available in semicommercial quanti- 
ties from Spencer Chemical Co., 
Dwight Bldg., Kansas City 5, Mo. 

The latex, called Poly-Em, is a 
milky, odorless liquid containing 
40% solids. Presently used low 
molecular weight polyethylene waxes 
contain 30% or less solids when 
emulsified. Also, the new latex is 
harder, tougher and more flexible 
than conventional polyethylene waxes 
since it has higher molecular weight. 

According to the developer, coat- 
ings of the new latex give good 
moisture protection to paper, and 
the coated paper can be printed and 
heat sealed satisfactorily. 

KEY NO. 620 


Colored Electroplates 
Brighten, Protect Metal 


Multicolored electroplated finishes 
on textured metal surfaces are said 
to offer a new solution to the prob- 
lem of creating extra-durable deco- 
rative finishes on metals. The colored 
electroplates are buffed to remove 
the top coat from raised areas, dis- 
playing and accenting the underly- 
ing metal against a background of 
the electroplated deposit. 

The developer, Metal & Thermit 
Corp., Rahway, N. J., says a variety 
of decorative effects can be achieved 
by varying the basis metal, the elec- 
troplating process and/or the tex- 
turing method. 

For example, when textured steel 
is zine-plated and dyed with chro- 
mate conversion coatings, buffing 
causes the bright zinc to stand out 
in relief against the colored chro- 
mate conversion coating in the re- 
cesses, (continued on p 198) 





Speed Monitor, by John E. Mitchell Co., 
Dallas, uses controlled viscosity of G-E sili- 
cone fluids to provide an upper limit to output 
speed at variable input speeds. It replaces 
crankshaft pulley to operate fan, generator, 
compressor and pumps at faster, more efficient 
speeds in slow city traffic while limiting their 
speed to optimum level during high speed 
highway operation. Power is transmitted by 
G-E fluid sealed between inner and outer rotat- 


ing members (see cutaway). 


GENERAL ELECTRIC SILICONE FLUIDS 


for reliable performance under tough operating conditions 


Thermal stability. The outstanding thermal 
and oxidative stability of G-E silicone fluids, 
over an operating temperature range of 
100°F to 600°F, makes them suitable for 
such rigorous applications as jet engine lu- 
bricants and aircraft hydraulic fluids. G-E 
Versilube fluids give unequalled performance 
at high temperatures and are comparable to 
other hydraulic fluids in moderate ranges. 
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Nearly constant viscosity over wide 
temperature range. G-E silicone fluids 
exhibit very small changes in viscosity 
with wide temperature variations. This 
makes them ideal for many mechanical 
applications, including fluid drives, 
dash pots, vibration dampers, timers, 
shock absorbers, or wherever constant 
viscosity is needed. 




















Get the complete story. These bulletins 
give complete technical data on the G-E 
silicone fluid line and describe many of 
the ways in which designers are taking 
advantage of their outstanding properties. 
For your free copies, write to Department 
B953, General Electric Company, Silicone 
Products Department, Waterford, N. Y. 


GENERAL @@ ELECTRIC 


For more information, turn to Reader Service card, circle No. 364 
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UNBELIEVABLY CLOSE TOLERANCES 


on graphite jigs and fixtures 
... but Speer can hold them! 





Here are a few examples— 

Concentricity of drill holes to .0OO6 T.!.R. 
Drilled holes as smal! as .0OS held to + .0006 
Depth of holes held to + .0006 

Oblong or “pork-chop”" type cavities—iength and 
width held to + .0O1, depth held to + .0O00s 


Combine Speer’s superb machining skill with the wonders of Speer 
Graphite itself and you have the perfect solution to many high-temperature 
problems. Graphite actually gets stronger as it gets hotter . . . does not 
warp ... will not split or break down under severe thermal shock. It is 
chemically inert and is not wet by molten metal or glass. Speer Graphite 
is the ideal material for many high-heat applications, such as transistor 
jigs, fusing positioners, honeycomb jigs, furnace fixtures, brazing jigs, 
glass-to-metal seals 

BRING YOUR PROBLEMS TO SPEER! Years of experience in solving 
tough high-temperature forming and positioning problems with graphite, 
plus Speer’s unusual fabricating skill, provide hundreds of answers for the 
aircraft, electronics and powdered metals industries. 


To obtain full information on Speer Graphite and Speer machining 
facilities in relation to your specific requirements, send us your de- 
tailed blueprints. Your inquiry will receive prompt attention. 


CARBON PRODUCTS DIVISION 
ST. MARYS, PENNSYLVANIA 


Products of the Carbon Products Division include: 


Brushes for Motors & Generators « Carbon & Graphite Specialties + Electronic Tube Anodes + Flash 
light & Battery Carbons + Plates & Rods + Rocket & Missile Components «+ Ultra Pure Graphite 


For more information, turn to Reader Service card, circle No. 383 
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Decorative metal is expected to be 
used for appliance and business ma- 
chine housings, and automotive trim 


and interiors. 


In another variation, a basis metal 
is plated in a cold chromium plating 
bath. On buffing, contrasting lighter 
gray shades are produced on raised 
areas while the dark gray deposit 
remains in the recesses. 


Noted briefly in our July issue 


KEY NO. 621 


Thermoplastic Has 
Good Heat Resistance 


Commercial availability of a crys 
tal clear, acrylic-type thermoplas 
tic has been announced by J. T. 
Baker Chemical Co., Phillipburg, 
N.J. The resin, called Bavick-11, 
sells for $1 per lb in lots of 80,000 
lb or more. It was introduced two 
years ago under the name PL-11 
(M/DE, Apr ’59, p 154). 

According to the producer, Bavick- 
11 has the highest heat and solvent 
resistance of all clear plastics. It 
does not warp or distort at tempera- 
tures up to 248 F, and is especially 
resistant to alcohols, mineral acids, 
strong alkalis, aliphatic hydrocar- 
bons, fatty acids, organic acids, es- 
sential oils and detergents. 

The resin does not crack, craze 
or blush after being chilled on dry 
ice, then heated with boiling water 
while still on the ice. Transparency 
is unaffected after continuous im- 
mersion in boiling water. 

Some potential applications are 





Tomorrow's tubing technology — today 


DP OOM ON ELECT BOOT MEN I n.  8 REALE LEE AR 


Photomicrog 


less steel tubing detected by eddy « 


been discovered by ordinary inspect 


raph of 


surtace 


Corrosion of interr 


a defect in the ID of .360 1D x .015 in. wa 


Flaw could not have 


urrent testing 


tion, but could have caused pre 


mature failure of the tubing and breakdown of the product in which 


it was to be used 


Tubing Quality Verified by Nondestructive Tests 


Superior tubing for critical applications must be consistently 
of highest quality and reliability. As a consequence, nonde 
structive testing is essential. Furthermore, several types of 
test should be performed, since no one test is versatile enough 
to supply all the required information. 


Eddy current spots defects we don’t want in Superior tubing, 
but it doesn’t tell us everything about them. Neither does any 
one of the other seven nondestructive tests we use in check 
ing the finished quality of our tubing. 


Depending on how critical the end use of the tubing is and 
thus the amount of test information required, we can perform 
any of the following tests singly or in combination: eddy cur- 
rent, dye penetrant and fluorescent dye penetrant, ultrasonic, 
radiographic, hydrostatic, boroscopic and magnetic particle. 
Only in this way can we detect imperfections such as change 


in analysis and dimension, pits, roughness, inclusions, weld 
defects, carburization, porosity, corrosion, laps, embedded 
particles, and surface oxides on OD and ID and in the wall 
of the tubing. 


An article, ‘‘Nondestructive Testing of Small Tubing,"’ details 
and compares the methods used. If you would like a copy, and 
technical data on the more than 120 analyses of small-diam- 
eter tubing produced in our mill, write us. Superior Tube Com 


pany, 2006 Germantown Ave., Norristown, Pa. 


Superior Tube 


The big name in small tubing 
NORRISTOWN, PA. 
West Coast: Pacific Tube Company, Los Angeles, California 


For more information, turn to Reader Service card, circle No. 419 
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Pouring boiling water on chilled 
specimen of Bavick-11 does not cause 
it to crack or craze. 


indicator lamp covers, pointers, dial 
faces, bottle tops, escutcheons and 
trim on electric ranges, and per- 
colator tops. 

The material can be molded, ex- 
truded, machined, polished, lac- 
quered, painted, hot stamped, metal- 
lized, dip-dyed, cemented and sol- 
vent welded. KEY NO. 622 


Aluminum Alloy for 
Sand Cast Parts 


A high strength, shock and cor- 
rosion resistant aluminum sand cast- 
ing alloy has been introduced by 
William F. Jobbins, Inc., Aurora, 


coated on copper, brass, or nickel in Ill. The alloy contains about 6.5% 
all gauges from .002 to .012 in thick- zine and about 0.70% magnesium in 
nesses of .00002.to .0025 addition to other alloying elements. 


Over 50 years experience in the highly 
specialized field of thin strip makes The alloy, called Precedent 
Somers hatred #1 source for that one | wa 8 ee aa rength of 36,000 
job in ten that must meet rigid speci- psi and some degree of shock re 
fications. Write for confidential data sistance in the as-cast and fully 
blank to get the exact thin strip for | aged conditions. It has a yield 
strength of over 40,000 psi and an 
elongation of over 5% in the solu- 
Caeren tion heat treated and T6 condition. 
71B has a yield strength of 32,000 
psi and an elongation of 7% in the 
as-cast and fully aged condition, 
combining high yield strength with 
good shock resistance. 
The developer says that both 
grades become completely stress-free 
and develop full mechanical proper- 


Sold in two grades 


For more information, turn to Reader Service card, circle No. 396 
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... Bonds “strong as a bull 


Whatever materials you’re bonding (to the 
same or to another material), a SCOTCH- 
WELD Brand Structural Adhesive bond 
will give you a bonus of structural strength 
at the joint, with the flexibility to resist 
vibrational fatigue. SCOTCH-WELD adhesive 
bonds distribute stress loads uniformly, 
and protect the strength and integrity of 
the materials by eliminating fastening 
holes, maintaining the finish, and sealing 
joints against corrosion. 

Fatigue tests show that metal-to-metal 
joints in Convyair’s 880 jet transports and 
Air Force F-102A jet interceptors, bonded 
with SCOTCH-WELD adhesives, will outlast 
the metal structure they bond together! 
In industry, too, SCOTCH-WELD adhesives 
are finding use in joining hermetically 
sealed metal shipping containers, multiple 
piece castings and thinner gauge metals, 


Sculpture created especially for 3M Company by Guy Palazzola 


STRENGTFH 


rhinoceros” made with SCOTCH-WELD® 


Brand Structural Adhesives 





where tear strength would limit the effec- 
tiveness of other joining methods. 


Look first to 3M! A pioneer in adhesive 
research, 3M has developed the widest line 
of adhesives in the industry. These Tech- 
nical Service facilities are at your disposal. 
For an accurate appraisal of how an ad- 
hesive can add strength, light weight, 
production economy, and greater design 
freedom to your process or product, call 
your nearest 3M Field Engineer or write to: aa Rens 
AC&S8 Division, 3M Company, Depart- — ae mE 
ment SBHH-91, St. Paul 6, Minnesota. Seah @ Pesmenseé amnel 
“SCOTCH-WELD” is a Reg. T.M. of 8M C M Co 


What do you want to bond to what? 
The 3M Rhino is fabricated of these 
materials and bonded with SCOTCH 


4. Cerami 
Bras 











ADHESIVES ATINGS AND SEALERS DIVISION 


& 
Miienesora TMiisine anno TManvractrurine COMPANY 
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ties after stress relieving at 700 F. 
Both grades are also said to be 
dimensionally stable to 0.00001 in. 
per in. after stress relieving. Cast 
ings made from the two grades can 
be rough and finish machined with- 
out interrupting the machining se- 
quence for stress relieving. 
Can be brazed at 1125 F 
According to the developer, Pre- 
cedent 71 alloys are not permanently 
affected by furnace or dip brazing 
at 1125 F. Conventional aluminum 
sand casting alloys usually disin- 
tegrate at this temperature. The 
two grades can be aged at room 


It costs less to RENT temperature to restore them to their 


full physical and mechanical prop- 


A MATERIALS erties after brazing. 
The new aluminum sand casting 
LABORATORY than to buy ome wvchinavic on the day it is cast and 
stress relieved. Other self-aging alu- 


A wealth of experience in materials evaluation . . . economical, minum alloys require a 21-day aging 
period before they are dimensionally 


rapid instrumental analysis... the latest analytical techniques 

stable and hard enough for machin- 
as they are developed . . . all these go to work on your products ing. The new alloy can be machined 
and materials at United States Testing Company ... and ata at speeds up to three times faster 








fraction of what it would cost you to maintain a staff and 
facilities. 


PROPERTIES OF 
Typical Assignments cover: PRECEDENT 71 ALLOY* 
Behavior of metals—Corrosion studies— Defect analysis— 
Photomicroscopy — Radiography— Formulation of welds— 
Residual defects—Thermal analysis—Ore, steel and alloy AS CAST 
analysis—Fertilizer and soil analysis—Abrasion studies— Ten Str, 1000 psi 
Heat distortion—Salt spray—Thermal conductivity —Ten- Seema 
sile properties— Electrical and physical properties of plas- Vid Str (0.2% offset), 1000 psi 


tics — Plasticizer identification — Legal investigations. 1 Day Old 
6 Month Old 


Typical Materials and Products Evaluated: Elong (in 2 in.), % 

Adhesives — Bearings — Castings — Ceramics — Concrete — z dy 

Flooring Materials— Foams— Fuels— Laminates— Leather Brinell Hardness 
Molding Compounds — Paper Products — Plastics — Rub- | Day Old 


; : h Old. 
ber compounds — Textiles — Water repellents and others. 6 Month Ore 





GRADE »> 





STRESS RELIEVED 
Ten Str, 1000 psi 


Send for your free copy The : ~ veh 43 


of bulletin 5902 describing our materials \ i's Most Vid Str (0.2% offset), 1000 psi 
and product evaluation facilities. Pivereifiad 1 Day Old 16 
6 Month Old 33 

Elong (in 2 in.), % 

1 Day Old 12 

6 Month Old 3 


United States Testing Co., Inc. Ke ae F 
1415 Park Avenue, Hoboken, N. J. A lor: | 6 tenth Old ~ 








"Tests conducted on 0.505-in. dia cast-t< 


BOSTON - CHICAGO + DALLAS - DENVER - LOS ANGELES . specimens not machined 


Branch Laboratories 
MEMPHIS + NEWYORK + PHILADEPHIA - TULSA 
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Space-vehicle uses for lead have trig 
gered a vigorous chain reaction among 
product design engineers with an eye 
to more down-to-earth markets. 
Envisioned — or already demonstrated 
to be practical — are gas- and oil-fired 
home heating units that generate their 
own electricity to provide power for 
fans, blowers, and pumps; continuous 
charging of automobile batteries with- 
out a generator; power for many uses 
remote from utility lines, or produced 
from waste heat sources. 


Thermoelectricity viaLead Telluride 


Basic to these advances is thermo 
electricity, a phenomenon which mani- 
fests itself in two opposite ways. The 
first occurs when current is passed 
through a thermoelectric material: one 
end of the material gets hot, the other 
cold. This is the “heat pump” effect, 
the principle of thermoelectric refrig- 
eration. But if heat is applied to one end 
of such material, power is generated. 


The efficiency of a material in these 
uses — what solid state physicists call 
its “figure of merit” — depends on the 
temperature range of application. In 
the temperature range most useful for 
power generation (350° to 1250° F.) the 
most effective substance yet discovered 
is lead telluride. 


Lightweight Power Source 


First practical demonstration of direct 
conversion of atomic reaction heat to 
electric current was provided by the 
SNAP III power package (iliustrated) , 
a device introduced in 1959 to power 
communications equipment in satellites 
and space vehicles. Weighing just 
pounds, it produced 10,000 watt hours 
over 280 days. If The Atlas “talking 
satellite,” orbited December 1958, had 
such equipment, it could have sent con- 
tinuous signals for several months. 


Protects Gas Mains and Truckmen 
A thermoelectric generating unit using 
lead telluride is being used to power 
cathodic protection systems on gas 
mains. Burning gas from the mains 
supplies the heat. Tests show that elec- 
tricity from lead telluride is actually 
cheaper than from power lines. 

Another use of lead telluride elements 
is in a truck cab heater now available. 
Fueled by L-P gas, it enables drivers 
to sleep in heated cabs without danger 


Cathodic Protection Service 


of carbon monoxide fumes from running 
motors. Such elements are also used in 
detector heads of a monitored fire pro- 
tection system, allowing more rugged, 
dependable, and efficient installations. 
Applications are Growing 

Lead telluride generators in an actual 
power package have conversion efficien- 
cies around 7 to 9%, with 12% efficiency 
predicted by the Dept. of Commerce for 
1962. While not enough to compete with 
big land-based utilities, it’s ample to 
carve out a real commercial market for 
these devices as auxiliary power and 
portable power packages. Several large 
appliance makers are among those now 
researching additional applications. 
One company predicts that, with vol- 
ume production, cost of thermoelectric 
power can be cut below $1 a watt. Port 
able power supplies in the 5 to 10 kilo- 
watt range are being developed right 
now. Units generating 100 to 1000 kilo- 
watts are considered feasible by 1965. 
Trickle charging systems for lead acid 
batteries are one particularly attractive 
possibility that should make a battery 
system more competitive, create many 
new applications. 

Lead is keeping pace with new technol- 
ogy in many fields. For technical infor- 
mation and help in applying lead to 
your own products and problems, 
simply write: Office of Technical Infor- 
mation, Lead Industries Association, 
292 Madison Ave., New York 17, N. Y. 
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or the part? ¥ 


When you see a die casting like this you just about have to ask 
yourself . . . “Did the production process make the part possible, 
or did design dictate the process?” 

Part-wise this gear box demands precision, strength, heat 
dissipation, maximum elimination of post-casting machining. It 
is integral and functional to the power mower for which it was 
built. Did design dictate die casting? 

Process-wise, the shape couldn’t have existed with such close 
tolerances, with such variable shapes without die casting. No 
known method of parts production could produce the part at such 
low unit cost and maintain requirements. 

Perhaps this is the way to look at it: Good part design and good 
die casting combine for superior results. Since 1919, Twin City Die 
Castings has aimed its complete plant facilities to achieve this end. 


»»- Only DIE CASTING can 
“ cut your costs /“ offer such flexibility 


J provide such accuracy 
Lsadtig Dit Catlte wt the Upper Mile 
TWIN CITY DIE CASTINGS CO. 


3351 TALMAGE AVE. S. E. 7 MINNEAPOLIS 14, MINN. @ PHONE Mi 6-7528 


CAS» 
* 


PARTICIPANT 
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COMPOSITION OF 
PRECEDENT 71 ALLOY (%) 





Grade »> A B 





Zinc 6.5 -7.5 6.0 -7.0 

Magnesium 0.65-0.85 0.55-0.75 
Chromium 0.06-0.15 0.06-0.15 
Titanium 0.10-0.25 0.10-0.25 
Silicon 0.15 max 0.15 max 
iron 0.15 max 0.15 max 
Copper 0.10 max 0.10 max 
Manganese 0.10 max 0.10 max 
Aluminum Balance Balance 








than aluminum-silicon alloys. 
Castings made from the alloy 
polish to a chrome-white finish and 
anodize to a satin-white finish by 
the sulfuric acid process. 
KEY NO. 623 


Noted briefly in our June issue. 


Rust Preventive Oil 


A new rust preventive oil called 
Entek RPO-12 leaves a_ protective 
film on iron and steel surfaces that 
is said to prevent rusting of parts 
in storage and during shipment. 
Available from Enthone, Inc., 442 
Elm St., New Haven 8, Conn., the 
rust preventive sells for $1.85 per 
gal in 55-gal drum lots. 

According to the developer, plain 
carbon steel dipped in full strength 
Entek RPO-12 withstands 40 hr salt 
spray exposure and more than 45 
days exposure to 100% RH at 100 F. 

KEY NO. 624 


Fiberglass Roving for 
Spray Gun Application 


A new fiberglass roving has been 
designed for use in spray guns in 
which resin and fiberglass are 
sprayed simultaneously on a mold or 
form. The roving, designated 7170, 
is available from Johns-Manville 
Corp., Glass Textiles Div., 1810 
Madison Ave., Toledo 2, Ohio. 

Static-free and featuring fast wet 
out, the roving is expected to be 
used in the fabrication of glass 
reinforced plastics boats, tank lin 
ings, swimming pools and temporary 
shelters. 

According to the producer, the 
quick wet-out action of the roving 





LindeNews 


LINDE COMPANY, DIVISION OF UNION CARBIDE CORPORATION 





Crystal tungsten opens up a new era 
for the metal in electronics 


Typical electronic shapes fabricated from crystal tungsten (I. to r.): target emitter; 
zero-porosity tungsten anode for high-powered electron tubes with fluid cooling 
high-power vacuum switch contact of zero-porosity tungsten mounted to copper 


4 new method of consolidating tung- 
sten powder into tungsten ingot has been 
created by LINDE’s Crystal Products 
Department. This new material—in 
crystal form—changes the whole ap- 
proach to use of tungsten in electronic 
applications 

Compared to metallurgically pre- 
pared (PM) tungsten, crystal tungsten 
offers 5 to 15 per cent higher electrical 
conductivity. Thermal conductivity is 
about 20 per cent higher at 500°F, re- 
sulting in improved heat dissipation. 
[hese properties can be advantageous 


in electronic design 


Useful in vacuum devices 

The high purity and zero porosity of 
the crystal tungsten also suggest its use 
not only in electrical contact points, but 
also in vacuum switches, electrical lead- 
ins in vacuum tubes, and applications 
where outgassing or leakage is a prob- 
lem. Their purity and lack of grain 
boundaries provide more even electron 
emission, making them valuable in sev- 
eral high pressure vacuum or Open air 
switches. Other uses include: flexible 
sheet in electronic tubes; x-ray and anti- 
cathode targets. 

LINDE crystal tungsten is consider- 
ably more ductile than undoped PM 


tungsten. It can be drawn into wire as 
fine as 1 mil, giving greater yield of 
finished product from the starting ingot. 
Although undoped crystal tungsten has 
a lower recrystallization temperature, it 
does have a yield point at about 150°F 


Material easily worked 
Significant is the fact that it can be eas- 
ily worked and at temperatures 800°F. 
lower than working temperature for 
powder metallurgy or vacuum-arc cast 
tungsten— making it useful for a wide 
range of non-electronic applications. 
Present shapes include swaged rods 
from 1/10 to %-inch diameter, as 
grown ingots up to %4-inch diameter in 
production, and even larger diameters 
in development. 

For more details on this new mate- 
rial, check the coupon below 





Super-hot process metal-coats 
and fabricates intricate parts 


Dense, high-purity metal coatings for 
certain base materials, and the fabrica- 
tion of odd shapes, are atcomplished 
with “Plasmaplate,” a super-hot plasma 
stream process developed by LINDE’s 
Flame-Plating Department. 

In operation, a high-current torch 
uses temperatures up to 30,000° F. to 
produce a supersonic stream of ionized 
gas—melt and accelerate to high veloc- 
ity particles of any inorganic material 
that melts without decomposition 

High-purity coating materials—such 
as tungsten or other refractory metals 
—are thus permanently fused to the 
surfaces of materials such as graphite, 
brass, copper, steel, molybdenum, titani- 
um, aluminum and others. 

Parts of intricate configuration can 
be fabricated by depositing the coating 
material on a mandrel machined to the 
desired internal shape of the finished 
part. After the desired thickness is ob- 
tained, the mandrel is dissolved out by 
chemical means. 


Tungsten grid cage — one of many complex 
shapes made by LINDE’s“Plasmaplate” Process 


hin coatings of tungsten carbide and 
other hard materials can also be applied 
to base metals by the LINDE oxyacety- 
lene Flame-Plating “gun” process, to in- 
crease surface wear as many as 40 times 

For details on either of these LINDI 
processes, check the coupon below. 


CHECK—CLIP COUPON—ATTACH TO BUSINESS LETTERHEAD 


Linde Company, Dept. MI-09 
270 Park Avenue 
New York 17, N. Y. 


UNION 
CARBIDE 


Please send details on the items checked: Li N DE 


[] LINDE Crystal Tungsten 
[] LINDE “Plasmaplate” Process 


[) LINDE Flame-Plating Process 


COMPANY 


“Linde” and “Union Carbide” are registered 
trade-marks of Union Carbide Corporation 
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New edition just published! 


The official handbook of the 
industry's own society... 


| PLASTICS 
ENGINEERING 
HANDBOOK 
3rd EDITION 


of the Society of the 
Plastics Industry, Inc. 





1960 

Over 600 Double-Column Pages 
Larger 7” x 10° Format 

Over 500 Illustrations, 

Tables and Charts 

2 Special Fold-out Inserts 
$15.00—No Increase in Price 
Over Previous Edition 


The best arranged, most clearly written 

Operator lays down new fiberglass reference on plastics materials, methods 
vonies ll boat hull. TI and fabrication is now revised, expanded 
9 Om a sma oOat Nut. ve and completely up-to-date. Reviewers 
clean chopping, nonclumping quali- throughout the world have hailed previous 
editions as the most useful source of in- 


ties of the roving are said to give formation ever made available to one in- 
uniform coverage. | dustry. This new edition adds the advances 
made since 1954, advances so numerous 


: that the handbook now appears in a larger, 
speeds up the process, since the double-column format. Entirely new mate- 
fiberglass immediately starts to soak rial is that on nomenclature, cellular plas- 

‘ ~ . tics, decorating, welding, and plastics as 
up resin while still flying toward th« adhesives. The book describes every step in 


Bonded Fast & Fas mold or form. The static-free qual the manufacturing operation, and includes 
of the the experience and know-how of over 200 


ity roving insures that all technicians and authorities. The text is 


. . strands lay down flat on the mold fully illustrated with hundreds of photo- 
Bostik ALLY Synthetic Rubber Adhesive graphs, tables and charts. Some of the 


; KEY NO. 627 charts alone provide data of inestimable 
Parts can now be assembled within two to value to the plastics plant. Here is an im 
five minutes after adhesive application. mense amount of current information in 
ideal for bonding porous materials to steel, the revision of a book with a giant repu 
aluminum, brass, glass, neoprene, GR-S, tation for accuracy, thoroughness and de 
Buna-N, Phenolic, Urea, Polystyrene, fiber- pendability. It is truly the definitive guide 
glass, felt, cork, masonite, leather, nylon, to the plastics industry. 


sponge urethane and rubber, and enam- | Superconductive Wire — subjects New to the 3rd Edition: 
three ways: two-way dry stick, two-way wet for Less Bulky Magnets NOMENCLATURE 

stick, and two-way solvent activation, for CELLULAR PLASTICS 

assembly flexibility. A new columbium-zirconium alloy DECORATING 

Bostik #1142 lable f k is said to offer “no resistance to WELDING 

related numbers designed to meet epect,. | cleetrical current at liquid helium PLASTICS AS ADHESIVES 

fic requirements. Technical assistance temperatures.” Examine It Free for 10 Days 


readily given to solve bonding problems. The developer, Atomics Interna- MAIL THIS COUPON NOW 


Send for the new tional, Div. of North American Avi- 


Bostik METHODS “ee ation, Inc., P. O. Box 509, Canoga r 
provides up-to-the min- Park, Calif., says superconductive 
ute data and information magnets ade — _- , 
on the newest in edhe- agnets made of the alloy could re 
sives, plus money-saving place conventional bulky and rela 
ideas and applications. 





weeeennne-5 


REINHOLD PUBLISHING CORPORATION 
Dept. M-865, 430 Park Avenue 
New York 22, N. Y. 


sa RIS toveny inefficient iron-core electro- ENGINEERING HANDBOOK, gap Ebr. 
need write: Bostik, magnets in many applications. In TION for 10 days’ Free Examination 
BB CHEMICAL CO., space applications superconductive [) Total purchase price enclosed. 
United Shoe wwe magnets could store more electrical C) Bill me. C1) Bill company. 
784 Memorial Drive, Cambridge, Mass. energy in less space than conven 


® tional electrical capacitors. NAME 
BOS. i‘ A wire drawn from the material ADDRESS 
has conducte 00 é r s 
as conducted 100,000 amp per sq CITY & ZONE STATE 


ADHERE ABILITY em in a moderately high magnetic SAVE MONEY! Enclose $15.00 with order and 
———_—_—_——_—_— field (30,000 gausses) at 452 F. Reinhold pays all shipping costs. Same re- 

. . turn privilege. Please add 3% sales tax on 

Such performance is comparable to N.Y.C. orders. DO NOT ENCLOSE CASH! 


The Skill of Making Things Stick the operation of a household appli- 





lene Seer ene neneweeeneeeceeeee 
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. . « philosophers have said it scientists 

and engineers have proved it. However, unusual 
product ideas often require unusual metals - 
metals that are corrosion resistant, abrasion 
resistant, hold dimensional stability at 


extreme temperatures, have high rigidity under 


To 


Higy RE T \ 
Tone RISTANCE : Di WENSIONAL \ 


V4 B ; load or possess high density. Vascoloy-Ramet 
\ i 


-—=, STABILT 


ABRASION | 
RESISTANT 


has the engineering capabilities and modern 
manufacturing facilities to create metals with 
these or any other specific physical properties that 
your particular product may require. Over 
30-years experience in the development of carbides 
of the refractory metals and cast nonferrous 
alloys with unusual high-temperature 
characteristics are yours to draw from. Don’t let 
the selection of metals block your creative 

efforts. Send your requirements to 

V-R for dependable assistance. 

VASCOLOY-RAMET CORPORATION, 


862 Market Street, Waukegan, Illinois 


W4-FRE D FIRST CHOICE of more and more industries 
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Have You Explored GRAPH ITC 


As A Problem-Solving Material 


Are you looking for an economical substance that 
combines machineability, chemical inertness, high ance at about 100,000 w from a 110-v 


os . . wall outlet. 
thermal conductivity, high temperature stability, and The new alley, appronisantely three 


resistance to thermal shock? parts columbium and one part zirco- 
. . nium, is malleable and strong. It 

Are you looking for a material that has proved to be can be made into wires, bars, strips 
highly suitable for such diverse applications as vital and other shapes without losing its 


. superconducting properties, 
nuclear reactor components, molds and dies for metals Meet, ee ee oe NO. 628 


casting, sintering boats and trays, run-out tables and 
canisters, refractories, brazing fixtures, linings in chemi- 


cal process equipment, thermocouple shields, and elec- 
tric resistance furnace parts? Polycarbonate Resin 


is Nearly Water Clear 


For an introduction to the excellence of A new grade of polycarbonate 


GLC graphite—and to one of the world’s out- Saber resin is designed for lenses, light 
covers, diffusers, inspection ports, 


standing graphite producers—write for a free ; ; 
= a 2 safety goggles, knobs, pipe, tubing 
copy of our illustrated brochure, “Graphite one and other parts requiring clarity. 


For Diversified Industrial Application”. : Identified as Lexan 102, the resin 
is available from the Chemical Ma- 


GREAT LAKES CARBON CORPORATION © terials Dept. of General Electric Co., 
Pittsfield, Mass. It sells for $1.30 
1@ EAST 48TH STREET. NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES per lb in truckload lots, the same as 
For more information, turn to Reader Service card, circle No. 362 for other grades of Lexan resin. 
: GE says the nearly water clear 
polycarbonate has the same physical, 
electrical and chemical properties 
offered by other grades of polycar- 
bonate resin. Its improved clarity 
results from use of additives mask- 
ing the natural light amber color of 
Lexan and preventing darkening 
during molding. KEY NO. 629 


secraoee 








Noted briefly in our March issue. 


Rigid Urethane Foam 


) amp l | S ? | Designed for Potting 


A new rigid urethane foam potting 
compound is said to give excellent 
protection to electronic parts exposed 


GRC TINY PARTS  j§ ===" 


DIE CAST ZINC ALLOY MOLDED ENGINEERING THERMOPLASTICS | The two-part compound is avail- 
. : : ’ able from Freeman Chemical Corp., 
combine high quality, uniformity, accuracy... at low cost. Port Washington, Wis. The potting 
NO SIZE TOO SMALL! material is prepared by either batch 
GRC's exclusive high-speed, automated single cavity tech- MAXIMUM SIZES or mechanical mixing: 100 parts by 
niques give you higher quality, more uniformity, offer import Zinc Alloy—2", ‘% of a : = oe = 
ant production and assembly shortcuts with precision small Nylon, Delrin & other weight of Chempol 30-1322 resin and 
parts in die cast zinc alloy and molded plastics copeceee a 118 parts of Chempol 80-1426 resin. 


These FREE SAMPLES and detailed bulletins on GRC's unique The mixture is then poured into a 
services will show you why you can do more save more , 
when you know more about GRC. Write for yours void to be potted and allowed to 


oust terh . 
TODAY—on company letterhead a. foam and cure. 


GRIES REPRODUCER CORP. Rigid urethane foam produced 


nh > resins is s - 
World’s Foremost Producer of Small Die Castings from the resins is said to have ex 


153 Beechwood Ave., New Rochelle, N. Y. . NEw Rochelle 3-8600 cellent dimensional] stability at both 


see for yourself how 


For more information, turn to Reader Service card, circle No. 472 
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M ASBESTOS-PHENOLICS 


the plastics that come back from outer space 


When you think of reinforced plastics for 
high-temperature parts, think first of R/M 
asbestos- phenolics. 

These advanced space-age plastics put you 
ahead in every important physical property 
high strength-to-weight ratio, heat resistance, 
shock resistance, low thermal conductivity 
and diffusivity, and controlled ablation. 


RAYBESTOS-MANHATTAN, 


R/M asbestos-phenolics are available as 
felts, mats, molding compounds, and as 
molded rods and tubes for your prototype 
work. Delivery is prompt. And this complete 
line is backed by comprehensive technical 
data and know-how. 

Bring your thermal protection problem to 
R/M for a time-saving solution at lower cost. 


ARCAS nose cone 
moided of R/M Style 
42RPD Pyrotex® mat 


INC. 


Reinforced Plastics Department, Manheim, Pa. 


SPECIALISTS 
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New Things Are 
Happening With 
Graphite 


® Do you know that a graphite 
material of construction is avail- 
able which is impermeable and 
is unaffected by practically all 
corrosives (even chlorine) at any 
. or that another 
carbon-graphite material posses- 


temperature? .. 


ses a hardness as great as that of 


glass? 


® These outstanding xgraphite 
materials are only two of the 
special formulation developed 
by Graphite Specialties Corpora- 
tion, who regularly produces 
graphite components with spe- 
cial properties of density, purity, 
strength, permeability, chemical 
resistance, machining character- 


istics, etc. 


® Graphite Specialties Corpora- 
tion can produce graphite suf- 
ficiently pure for moderating 
nuclear reactors; or with re- 
quired properties to provide an 
exceptionally low erosion rate in 
rocket nozzles; or with corrosion 
resistance values to permit use 


with chlorine at amy temperature. 


In addition, other special types 
are available for crucibles for 
transistor crystal growth, difficult 
metallurgical and chemical ap- 
plications, as well as for me- 
chancial equipment component 


parts. 


® Most types of graphite can be 
furnished in rod, tube, sheet and 
block form, or can be molded 
or produced in special extrusion 
shapes, or can be machined to 


close tolerances 


® Write today for information 
relating to your specific require- 
ments to Graphite Specialties 
Corporation, Blank & Walmore 
Roads, R.R. 2, Sanborn, New 
York. Phone Republic 1-3226. 








PROPERTIESOF URETHANE COMPOUND 





Ther Cond (k factor), Btu /hr/sq ft 

F/in 0.25 
Tensile Strength, psi 400 
Shear Strength, psi 100 
Flexural Strength, psi 128 
Compressive Strength, psi 375 





low and elevated temperatures. The 
foam is unaffected by a series of 
thermal shock cycles from 200 to 

67 F. It does not crack or distort 
after immersion in liquid nitrogen 
Heat distortion temperature is above 


200 F KEY NO. 630 


Coating for Glass 
Protects in One Layer 


A new organic coating is said to 
provide a decorative and protective 
finish on glass in one layer; conven 
tional coatings for glass usually re 
quire two layers. Another advan 
tage: the glass does not have to be 
treated before application. 

Called Sterilkote 600, the coating 
is available in a range of transpar- 
ent and opaque colors from Bradley 
& Vrooman Co., 2629 S. Dearborn 
St., Chicago 16. 

The coating is spray applied with 
conventional equipment and bakes at 
temperatures from 3506 to 550 F, 
forming a film that has excellent re 
sistance to acids, alkalis, detergents 
and solvents. The developer says the 
coating adheres tenaciously to glass 
under humid and wet conditions. 

It is recommended for use on 
bottles, containers, shelving, light 
ing fixtures and drinking glasses. 

KEY NO. 631 


Two Nylon 6 Resins 
Reduce Molding Time 


Two new nylon 6 resins are said 
to significantly increase production 
rates of injection molded parts. 

The resins, called No. 401A and 
No. 605A, are available from Spen 
cer Chemical Co., Dwight Bldg., 
Kansas City 5, Mo. No. 401A is rec 
ommended for intricate or hard-to-fill 
molds, and No. 605A is recommended 
for massive parts and load-bearing 
parts such as gears and bearings. 

The producer says that field tests 





Let us show 
you how to 
KEEP 
COMPONENT 
COSTS 
DOWN! 




















Send a sample or blue print 
for estimates. 


Art Wire specializes in wire forms de- 
signed for today’s automatic production 
lines manufactured with the pre 
cision and uniformity that assure the 
economy of an uninterrupted work flow 
Reduced down-time, and the lower 
costs made possible by Art Wire's mod- 
ern production methods mean greater 
savings to you, and greater profit in 
your operations. 


ART WIRE AND STAMPING CO. 


13 Boyden Place, Newark 2, N. J. 
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Wear like this led to replacement of 7 metal parts by ADIPRENE 


Highly abrasive glass dust 


loom-winder used glas fabric weaving 


aused this reciprocating rod to cut entirely through a meta! bearing and most of the 
An ADIPRENE bearing was stil! performing 


well a year later 


ylinder rod end piug in a UNIFIL@ 


after more than 200 million strokes. 


ADIPRENE still at work after 200,000,000 
Strokes...on a job too tough for metal bearing 


Tiny glass particles ground gaping holes 
in vital metal parts on glass fabric weav- 
ing equipment. An obvious solution was 
substitution of non-metallic parts. But 
wher conventional rubbers and plastics 
were tested, failure again occurred. 
ADIPRENE urethane rubber, however... 
with its excellent resistance to abrasion, 
plus its combination of hardness, resili- 
ence, and load bearing capacity... tested 
so successfully that now seven ADIPRENE 
parts are used in the same loom-winding 


machine. These parts reduce downtime 
and increase quality by making possible 
continuous runs of the glass fabric. 
ADIPRENE can help you in the design 
of better, longer-lasting parts. It is oil- 
resistant, machinable and has outstand- 
ing electrical detailed 
information on the unusual combina- 
tion of properties of ADIPRENE, write 
E. |. du Pont de Nemours & Co. (Inc.), 


properties. For 


Elastomer Chemicals Department MDE-9, 


Wilmington 98, Delaware. 


ee 


Conventional ADIPRENE 


Rubber 


Conventional rubbers were also 
tested for textile machinery parts 
ADIPRENE far outlasted al! metals, 
plastics and rubbers 


ADIPRENE* 


URETHANE RUBBER 


846. u. 5, pat. OFF 


Better Things for Better Living . . . through Chemistry 


For more information, turn to Reader Service card, circle No. 421 
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ADVERTISEMENT 


WAVE LENGTHS, TO ORDER 


Multiple vacuum-deposited coatings 


can put light to work in several ways 


These coatings, applied in sepa- 
rate layers to glass or plastic, 
allow you to split light beams in 
many ways on a single applica- 
tion. Multilayer coatings can be 
applied to produce a specific 
beam-splitting result. 

Liberty Mirror engineers can 
do all the design and development 
work on any potential use for this 

technique, or help solve application problems. 

Among the coatings available are aluminum, chrome and gold front- 
surface mirrors, neutral filters, transparent mirrors, high-efficiency 
beam splitters, beam-splitting dichroic mirrors and filters. Metallic 
and transparent electrically conducting coatings are available for 
resistance heating. Static-dissipating and high-frequency shielding 
coatings are also available. 

Vacuum-deposited coatings are used in such varied products as 
scientific and optical instruments, cameras, toys, pin setters, wheel- 
aligning equipment, aircraft and missiles. Free data sheets are available 
on all coatings. Write L-O-F, Liberty Mirror Division, 2391 Libbey- 
Owens-Ford Building, Toledo 1, Ohio. 


For more information, turn to Reader Service card, circle No. 328 


For resistance to cold flow under static 
or dynamic loads; low moisture absorp 


thon; excellent dimensional stability 


For maximum impact strength. good 
heat and oxidation resistance, good 


creep recovery 


Best bearing characteristics and high 
est melting point among the nylons 
excellent machinabrlity 


Electrical-grade nyton. Half the mois 
ture absorption. less rigidity, better di 
mensional stzbility. 


in ROD and SLAB 


RELIABLE 
FAST DELIVERY 
FROM STOCK 


i 


/ earest Hyde distribut 


HYDE CoO. 


Dept. MDE-9 Grenioch, New Jersey 


Distributors from coast to coast 
f Plastic Pioneers 


“Ss 


~~, 
~~ > ° 
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Molding time for this rotor used 
in a slide projector was cut from 51 
sec to 30 sec by using Spencer’s No. 


{01A nylon 6 resin. 


showed the new resins reduced cycle 
times on injection molding machines 
by as much as 40% in applications 
ranging from miniature parts pro- 
duced in multiple-cavity molds to 
large parts produced in single-cav- 
ity molds, 

The two resins are said to have 
increased flow and require lower ram 
pressures and less heat than conven- 
tional nylon 6 molding resins. 

KEY NO. 632 


Other News... 





Metals 
>» A new process for making roll 
formed metal parts for development 
projects and prototype work forms 
metal by a vibratory press action 
using flat-plate, silhouette dies that 
progressively fold metal strip to the 
required cross section. Parts are 
available from Prontour Co., 3490 W. 
140th St., Cleveland 11, Ohio. 

KEY NO. 633 


>» A mechanically and chemically 
stable, sintered type 316 stainless 
steel filter element is designed for 
filtering corrosive and hot fluids. 
The element is marketed by Com- 
mercial Filters Corp., 2 Main St., 
Melrose 76, Mass. KEY NO. 634 


Plastics & rubbers 

> Metallized polyester film laminated 
to a flannel backing is designed for 
use on cosmetic cases, handbags, 
belts and other products. The deco- 
rative material can be glued, sewn, 
stitched and wrapped around a base 
material. It is available from Coat- 





Coming in October .. . 


1961-62 MATERIALS SELECTOR ISSUE 


aie year’s biggest boon to those time-pressed engineers, 
designers, and other technical men who select and specify 
engineering materials, forms and finishes! This new 
MATERIALS SELECTOR issue is bigger and better than 


last year’s edition. 


All editorial pages in the MATERIALS SELECTOR issue 
are in data sheet form to provide you with quick compari- 
sons of properties and applications of hundreds of metals; 
nonmetallics; forms and shapes; and finishes and coatings. 
Keep the SELECTOR issue on your desk for ready refer- 


ence. You'll find it a real time saver. 


The MATERIALS SELECTOR issue is available to Materials 


in Design Engineering subscribers only. 


Materials In Design Engineering 


A Reinhold Publication 


430 Park Avenue - New York 22, N. Y. 





) oltnaels depend on 
Tempilstik’ 
Ze WYO? Cae 


. Jf t—appe 
WUAAACAWIG 
i“ 


C CA 07 e4- 


Tempilstiks® have earned an envi- 
able acceptance as one of the 
standard methods of determining 
temperatures—in both science and 
industry. This gratifying position is 
the result of many years of accumu- 
lated know-how and unremitting 
research and development. 


Available in 100 systematically 
spaced temperature ratings—from 
100° to 2500° F $2.00 each. 


Most leading industrial supply 
houses carry Tempilstiks®. If yours 
is an exception, write to: 


INDUSTRIAL DIVISION 


Tempil ‘CORPORATION 


“ . N 


Visit us at Booth 928. 1961 ASM Show. 
Cobo Hall, Detroit, Michigan. October 23-27 


For more information, card, circle No. 485 
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ing Products, Inc., Englewood, N. J. 

KEY NO. 635 
> A satin-weave nylon-epoxy pre- 
lar shapes and contours where good 
drape characteristics are required. 
The producer is Micarta Div., West- 
inghouse Electric Corp., Trafford, Pa. 
The prepreg, called TT-9565, is sup- 
plied in widths up to 37 in. 

KEY NO. 636 


Finishes 

> A new rust preventative can be 
applied to steel, aluminum, copper, 
brass, zinc plate, galvanized sheets 
and magnesium to prevent corrosion 
during manufacturing and storage. 
Called Metex M-638, the material is 
available from MacDermid Inc., 
Waterbury, Conn. It can be removed 
by reverse current cleaning. 

KEY NO. 637 
> A new process for plating bright 
nickel deposits on a wide variety of 
metals has been announced by Metal 
& Thermit Corp., Rahway, N. J 


Nickel sulfate, nickel chloride, boric 
acid and organic addition agents 
make up the bath solution. The 
process is called No. 30-W. 

KEY NO. 638 


Joining & fastening 


> A new elevated temperature lock- 
nut made of Waspalloy, a nickel- 
base alloy, is intended for use with 
high performance bolting at tem- 
peratures up to 1400 F. Designated 
FN 1418, the one-piece self-locking 
nut is available from Standard 
Pressed Steel Co., Jenkintown, Pa. 

KEY NO. 639 


>» An adhesive that forms a perma- 
nent, flexible bond between fabrics 
and polyurethane foam is now avail- 
able from Rubba, Inc., 1015 E. 173rd 
St., New York 60. The adhesive, 
known as Rubbafab, is said to with- 
stand washing and dry cleaning. 
KEY NO. 640 


> An economical process for welding 
mild steel uses carbon dioxide and 
a new low alloy steel welding wire. 
Designated A602, the wire is avail- 
able from Air Reduction Sales Co., 
Div. of Air Reduction Co. Inc., 150 
E. 42nd St., New York 17. It can 
be used for single cr multipass mild 
steel applications with deposition 
rates varying from 7 to 15 lb per hr. 

KEY NO. 641 








“On spec” yield of semi-conductor compo- 
nents drop as much as 40°/o within 50 cycles 


when using graphite jigs 


Solution: 


BORON NITRIDE 


for semi-conductor jigs 


Boron nitride machines easily to 
close tolerances, resists chipping 
and retains internal jig details. 
It holds dimensions, has excel- 
lent release characteristics and 
is non-toxic. 

Contact with silicon, germa- 
nium, indium, antimony, lead 
and other metals has little effect 
up to 1800 F in oxidizing or 
reducing atmospheres. For more 


information on greater yields with boron nitride, write Latrobe Plant, 
Refractories Div., Carborundum Co., Latrobe, Pa. 


CARBORUNDUM 





For more information, turn to Reader Service card, circle No. 374 
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Deep Drawn, 
Light and Medium 
COPPER 
BRASS 
ALUMINUM 
MONEL 
STAINLESS 
“=\ (=) HIGH CARBON 
ALLOY STEELS 


QUALITY CONTROLLED STAMPINGS 


Point to Exacting Tolerances 


e Forming e Drawing « Drilling « Blanking « Piercing 
e Coining « Tapping « Testing « HeatTreating « Silver 
Brazing « Annealing « Swedging « Assembling 


Write for Free Brochure 


FLOAT & MANUFACTURING CO. 


Established 1924 
2271 SMEAD AVENUE «+ TOLEDO 6, OHIO 


For more information, turn to Reader Service card, circle No. 354 


Can 


BLOW 
MOLDING 


| really 








® FOR EVERY PURPOSE 
The pro’s and con’s of blow 
molding are described in De- @ STOCKED FOR PROMPT DELIVERY 


Witt’s new illustrated bulletin 
on blow molding. It describes @ CUT TO YOUR REQUIREMENTS 

its function, advantages, limi- 

tations and economies, as well | 

as providing a handy check- CONTINENTAL FELT COMPANY, since 1905, has been supply- 
list of Do’s ond Dont’s in de- 
sign to take maximum ad- 
vantage of this new technique. 


ing America’s leading companies with more than 300 grades 


of felt, in wool or synthetics... 
Write now 


for new informative F in ; , . 
bulletin AlA-7 FREE! New, handy booklet “Comparative Properties of Indus 
trial Felt” shows you immediately which felt to use! Write 


EWITT | for your copy today! 


AUBURN, N. Y. 
CONTINENTAL E Belek COMPANY 


LASTICS 








For more information, turn to Reader Service card, circle No, 371 
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stiffness and resilience 
of flexible materials 
measured quickly, accurately 


MODEL 150-B 


STIFFNESS 
+ TESTER 


This highly sensitive instrument will give you a quick, accu- 
rate measurement of material's initial stiffness, basic stiffness, 
and resilience. Nine ranges are provided for testing metals, 
plastics, paper, cardboard, wire, foil, and numerous other 
flexible materials up to “s” in thickness. 

Because of its direct reading scale, the Taber stiffness 
tester can be operated by non-technical personnel. It features 
standardized test length, angle of deflection, graduation dial, 
and range weights to permit tests to be readily duplicated in 
laboratories throughout the world. 

Detailed information on this device as well as other Taber 
testing instruments can be obtained by filling in and mailing 


the coupon below. 


ABRASION TESTER MODEL 174 

Measures wear life (or abrasion resistance) of 
metals, plastics, paints, rubber, textiles, linoleum, 
etc. under simulated conditions of actual use 


SHEAR/SCRATCH TESTER MODEL 203 
fests ability of plastics, plastic coatings and or- 
gonic materials (up to 4" thick) to resist digs, 


scrapes, etc. not classed as normal wear. 


TABER INSTRUMENT CORP., SECTION 244, 
109 GOUNDRY ST., NORTH TONAWANDA, NW. Y. 


MAIL bulletin(s) describing 


Stiffness Tester Shear/Scratch Tester 


Abraser 
Name 
Title 
Company 
Street 
- 
br 


City 


hes Ce ee ee 
For more information, turn to Reader Service card, circle No. 341 
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“Service -Quality- Price” take on New meaning 


when backed by these extensive, modern 


DOLLIN DIE-CASTING FACILITIES 


-- plus the 
Combined Experience 
behind 

these 4 Emblems 


This Dollin emblem nen, machines and methods 
on your die-castings 
assures maximum 
quality and economy 


DOLLIN spares no effort to 
keep in the forefront of die- 
casting progress. We have the 





ww, 


to produce juality die-castings 


it lowest possible prices. Sub- 











mit prints for quotation. Get 
Dollin is a founding ilities booklet 
member of the progres 
sive American Die 
Casting Institute 


DOLLIN CORPORATION 
610 So. 21st St., Irvington, N.J. 


See ‘Yellow Pages’’ for nearest office 


DOLLIN 


Zinc and Aluminum 


DIE-CASTINGS 


For more information, turn to Reader Service card, circle No. 391 


Dollin is a licensee of 
the Certified Zinc Alloy 
Pian which assures on 
grade die-castings 





4 Dollin is a participating 
ResearcH member of the Die 
’ ; Casting Research 


panticimany Foundation 








Precision Molded and 
Beautifully Finished 
by SINKO 


Refrigerator 


LIGHT SHIELD 


This is but one of many components mass-produced for one of the 
better known makers of Electric Refrigerators. It represents the ulti- 
mate in Injection Molding perfection by an exclusive process 
that includes multi-colored Hot Stamping .. . all in one operation! 

If you are in need of a Plastic molded part or product, no matter 
how demanding the design is, be sure to call on us. 

We'll produce it to your complete satisfaction and save you 
money in the process. 


Write TODAY for illustrated Brochure! 


WE MOLD ALL THERMOPLASTICS ... from 2 to 175 oz. 


For more information, turn to Reader Service card, circle No. 346 





When it’s a 


Question of 
“Q- RINGS in any material or 


special compound for every 
service condition required. 


PACKINGS to your specifications 


in leather, synthetics, 


Also gaskets and @SDeStoS, teflon, etc. 


washers in over 
200 materials... 


Look for 
the Answer at Auburn 


Send us your specifications or blueprints. You'll receive 
prompt quotations and recommendations without obligation 


THE AUBURN MANUFACTURING CO. a 
301 Stack St., Middletown, Conn. <g> 


New York, N. Y.; Rochester, N. Y.; Detroit, Mich.; Chicago, t11.; 
Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. J.; 
Atlanta, Ga.; Memphis, Tenn.; St. Louis, Mo.; Washington, D. C. 





For more information, turn to Reader Service card, circle No. 376 


_ 


PRECISION PLASTIC BALLS 


ACE is one of America’s leading mass producers of seamiess plastic 
balls for almost every commercial and industrial use. Most plastics 
including nylon and teflon. Complete range of sizes, 
colors and tolerances. Small runs or large runs. Huge 
stocks for immediate delivery. Quick, low-cost service 
on specials. Write, wire or call for samples, price 
lists and handy new selection chart. 


Pa 


INCE 193) 


EXTRUDERS 
S¥OLVOWEV4 


ACE PLASTIC COMPANY 91.48 VAN WYCK EXPWY - JAMAICA 35. N.Y 


For more information, turn to Reader Service card, circle No. 343 





uniform accuracy 
saves costly machining 


True to your blueprint and smoothly finished, Ritco Forgings 
require little or no machining and can be assembled readily 
with minimum fitting. Combined with these advantages, their 
forged-in toughness and great strength make them ideal parts 
for quality products. It will pay you to know more about 
Ritco “Bright Finish” Forgings. Send us your drawings and 
specifications for estimates. 


RHODE ISLAND TOOL COMPANY 


Member Drop Forging Association 
154 WEST RIVER STREET * PROVIDENCE 1, R. I. 





Need Special Machine Work—or Special Fasteners 
and Upsets? Our machining facilities are at your 
service. Let us know your requirements! 


For more information, turn to Reader Service card, circle No. 352 
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HI-TEMPERATURE METALS 


Tungsten 


Molybdenum 
Tantalum 


and 


Others 


NOW — for the first time 


FABRICATED - WELDED - MACHINED 


Super-Temp Eng. & Mig. inc. now can offer complete fabrication of 
light or heavy sheet of pure tungsten, molybdenum, tantalum-tung 
sten and other high temperature metals into almost any shape de 
sired for missiles, space and re-entry vehicies 

Super-Temp’s ability to successfully weld segmented parts and assem 
biies of pure tungsten and other high temperature refractory metals 
opens up a wide new area for the design and use of these metals 
Complete facilities are available for the custom machining, bonding 
and flame spraying of the heat sinks and insulations necessary for 
high temperature package assemblies 


SERVICES 
Fabrication—Machining 
Die Forming—Spinning 

Meme Spray ing—Bonding 


PART APPLICATIONS 
Nozzles, Liners, Throat inserts, 
Rings, Fianges, Shields, Blast 
Tubes, Elbows, Venturi Shapes, 
Cones, Flame Barriers, Structure 
Applications and Others. 


Super-Temp Corporation 


2024 W. 15th St., Long Beach 13, Calif. 
Phones—HEmiock 6-9236 . . SPruce 5-1600 





For more information, turn to Reader Service card, circle No. 490 


AKAD ONE-SOURCE SERVICE FROM RAW 
AMPCO... MATERIAL TO FINISHED PRODUCT 


Only your 


imagination 





limits the ways 


| you can use 
r \ Ampco Alloys 


That...and the 
requirements of the 
part you’re designing 


ns Should your part be sand- 
cast, centrifugally-cast, shell- 
molded, precision-cast, forged, 
fabricated, or extruded? 
Let an Ampco field engineer help 
you select the best, most econom- 
ical form of production. It’s all part 
of Ampco’s one-source service to industry. 
Also, among the more than 100 Ampco 
copper-base alloys is the one you need to do 
the job — to resist wear, corrosion, impact, 
fatigue. Write for Bulletin G-60 


AMPCO METAL, INC. 


@ Dept. 141, Milwaukee 1, Wisconsin 
Se PCO West Coast Div.: Huntington Park, Cai 
Southwest Div.: Garland (Dallas County), Texas 
D-5S3A 
For more information, turn to Reader Service card, circle No. 456 
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For Permanent Assembly! 
of wire, cable, tubing, hose 





WEDGE LOCK BAND CLAMP... 


once locked, it’s got to be cut loose! Really perma- 
nent! Solid nylon. One size 
for diameters %" to 1%”. 


. 
Separate Mounting Tab 
... use only where and when 
needed. Can be pre-mounted 
for simplified planning. 
Solid nylon. 


See Us at Booth No. 5 N.E.C. Show 


We 2233 7? comPANY 


5713 Northwest Highway * Chicago 46 Ill. 


For more information, turn to Reader Service card, circle No. 443 





Here's latest information on a 
phenomenal new structural material! 


FIBERGLAS 
REINFORCED 
PLASTICS 


Edited by 
RALPH H. SONNEBORN 


Technicol Service Dept 





Plastics Reinforcement Division, 


Owens-Corning Fibergios Corporation 








1954, 250 pages, $4.50 

This valuable book offers the first 
complete treatment ever published on 
the subject of reinforced plastics, the 
amazing post-war structural material that has found its way 
into scores of new industries and products. 

Written for both design engineers and executives in the 
materials industries, the book covers in full detail the resins 
and glass reinforcements used in reinforced plastics, molding 
techniques, inspection and testing, properties, and design 
considerations. 

This important book will provide all those concerned with 
reinforced plastics—molders, materials suppliers, government 
agencies, engineers—with a wealth of information never be- 
fore available in a single volume. 


Order now for 10 days’ FREE EXAMINATION 
REINHOLD PUBLISHING CORPORATION 
Dept. M-868, 430 Park Avenue, New York 22, N. Y. 


For more information, turn to Reader Service card, circle No. 486 





Gx 8 fe 


SPRAY... BRUSH. —- 


.WoobD... MASONRY 


STOP 
ACID ATTACK 


Send for free literature today. Learn how 

Adheron epoxy products can help you cut 

maintenance costs. Get positive protection 

against acids, alkalis and corrosive fumes. 
* Proven during more than § years of industrial use 


Hauger-Beegle 


ASSOCIATES, INCORPORATED 
7250 Franklin Street * Forest Park, Illinois 


METAL | ee 


For more information, turn to Reader Service card, circle No. 444 


get the 
Goshen 
Rubber... 


IDEA" 


“to precisely fabricate 
parts, seals; and compo- 
nents from selected com- 
pounds, and for specific 
applications only! 


WHEN FACED WITH 


CRITICAL SPECS. 


The tougher the specs, the more important it be- 
comes that you have it “custom made by Goshen 
Rubber.” If the part, or component you need can 
perform best by being fabricated from a natural, 
synthetic or silicone rubber compound, count on 
Goshen. Exclusive fabricating techniques, developed 
here at GRC, are available to meet strictest speci- 
fications, and for advance testing undepumamyetypes 
of near-field conditions. Let us know 4 


Ge Write, wire or phone 


RUBBER CO., INC. 


3191 S. TENTH ST. ° 
Phone KEystone 3-1111 


GOSHEN, INDIANA 
TWX: GOSH 8701 


For more information, turn to Reader Service card, circle No. 399 








You get these 
“extras” when 


you specify 
[cj=1|-[ee} 
FASTENERS— 


7 
— 40 sales representatives all 
over the country for prompt, fast service. 


iy 4, 
— Quality controlled by the 
oldest established lock nut manufacturer 
in the U.S. 


—— Large inventories to ensure out 
of stock delivery on all catalogued items. 


Speed production and lower costs 
on your products with this Grip 
Nut family of Gripco FASTENERS. 
Qualified fastener engineers are 
available for consultation on all 
your assembly problems. Consult 
the yellow pages in your phone 
book under “Gripco”’ for the one 
nearest you. 


Other Gripes Products: 


* Brass Toplock or Centerlock nuts. 

® Miniature weld and clinch nuts, with 
or without lock. 

* Toplock and Centerlock Hi Nuts. 

® Standard Semi-finish full and jam nuts. 

® Stainless Steel lock, weld and semi- 
finish nuts. 

® Cold formed special nuts or parts to 
print. 


Send for samples and NEW CATALOG teday 


GRIPCO CENTERLOCK NUT 


» ¢ 


(m7 


GRIPCO COUNTERSUNK 
WELD NUT 


GRIP-NUT COMPANY 





SOUTH WHITLEY, INDIANA Danbury, Conn. 


bt SEAS T. | Subsidiary of Heli-Coil Corporation, 
Phone: South Whitley 723-5111 


For more information, turn to Reader Service card, circle No. 361 
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Products Advertised 


Note: This index includes all advertisers whose copy was received by « 
month preceding month of issue. Every effort has been made to insure 


osing date, the 5t 


accuracy, but the publisher 


does not assume responsibility for errors or omissions 
Use this index to keep up to date by looking up the advertisements on those mate- 


rials in which you are most interested, on 


pages listed below. 


Get more mformation on advertised products by circling the key numbers found on 
the advertisements (not the page numbers below) on the free postal card, pp 47-48. 


Adhesives én 29, 62, 201, 206 
Aluminum and its alloys 20 
Bimetals, thermostatic 194 
Boron nitride rrr 214 
Carbides ... 207 
Carbon, graphite . 98, 198, 208, 210 
| Casting alloys 2, 165, 174, 207 
Castings 
Centrifugal 58, 218 
Continuous 73 
Corrosion resistant 174 
Die .. 2, 23, 56, 89, 204, 208, 216 
Investment . 171 
Meehanite . 192 
Sand 218 
Shell mold . 178, 218 
Ceramic fibers 104-105 
Ceramics 40, 157, 163, 190 
Ceramoplastics 26-27, 161 
Cled metals 54-55 
Cleaning, ultrasonic . 25 
Coatings 
Chemical Conversion. 18, 72, 82, 172, 188 
Diffusion 28, 162 
Organic 63-66, 219 
Plasma 205 
Vacuum deposited 212 
Cold treating cabinets 171 
Contacts, electrical 90-91 
Copper and its alloys inside front cover, 
73, 218 
Drawn, pressed parts 215 
Expanded metals 52-53 
Extrusions, metallic 68-69, 171, 218 
Fabrics, coated 85,94 
Fasteners, mechanical . .68-69, 88, 218, 219 
Felts 215, inside back cover 
Flame cutting 30-31 
Fiame plating 205 
Forgings 83, 150-151, 164, 189, 217, 218 
Gear materials 192 
High temperature materials 4, 38,78 
Impact extrusions 150-151 
Insulation 26-27, 161 
Laminates 
Metal-plastic 33 
Plastics 33 
lead and its alloys 179, 203 
lubricating materials 168 
Metal powder parts 3, 86-87, 150-151 
Metal powders 110, 170 
| Mica 26-27, 161 
| Mica, glass-bonded 26-27, 161 
Molybdenum and its alloys 218 
| Nickel and its alloys 38, 76, 165, 185 
| Oxides, metallic 163 
Packings 217 
Papers 158 
Plastics (distributors) 212 
Plastics 
ABS 32, 96-97 
Acrylic 
Alkyd 
Cellulose acetate 
Cellulose propionate 
Dially! phthalate 
Epoxies 
Fluorocarbons 21, 100, 150, 181 


advertising sales staff 


Materials in Design Engineering ¢ 430 Park Ave., New York 22, N.Y. 
M. Randolph Long, Advertising Sales Manager 


NEW YORK 22: District Manager 
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Plastics (cont.) 
Foam . 94, 158 
Melamine .. 63-66 
Phenolic: 63- 66, 92, 193, 209 
Polyamides (nylon) 63-66, 148 
Polycarbonate . 177 
Polyester (film) 24 
Polyesters 63-66, 193 
Polyethylenes 37, 44, 63-66 
Polypropylene 44, 74-75, 146, 154-155 
Polystyrenes 42-43, 44 
Reinforced 106, 173, 184, 209 
Silicone 71 
Urea 63-66, 102 
Urethane 6 
Plastics balls aaa 
Plastics moldings 90- 91, 159, 208, 215, 216 
Plating processes, solutions 185 
Precious metals 108 
Precision parts, metal 176 
Precoated and preplated metals 52-53, 200 
Pressure vessels 180 
Rayon fibers 191 
Refractory materials 60-61, 169 
Resistance alloys 182 
Rings 
Metallic 186 
Nonmetallic ““O 217 
Roll formed parts 149 
Rubber 
Moldings 93,219 
Silicone 14 
Synthetic 59, 70, 77, 93, 153, 211, 219 
Urethane : 211 
Screw machine parts 150-151 
Sheet, hot and cold rolled 52-53 
Silicones 107, 141-142, 197 
Spring materials . 79 
Springs 156 
Stampings, punchings 83, 90-91, 215 
Steel 
Carbon 189 
Heot and corrosion resistant. .34-35, 36, 
79, 99, 103, 165, 183 
leaded 8, 30-31 
Low alloy 68-69, 76, 195 
Specialty 41 
Tool and die 167, outside back cover 
Strip, precision rolled 200 
Superalloys 38 
Tabletting machines 80 
Tantalum and its alloys 218 
Temperature indicators 214 
Testing equipment . , 216 
Testing service 202 
Tubing and pipe 
Metallic . 22, 30-31, 58, 68-69, 95, 199 
Nonmetallic 152, 190 
Tubular components . 67 
Tungsten and its alloys 205, 218 
Wire 34-35, 90-91, 101, 160 
Cloth 196 
Forms . 210 
Welding 
Wood 187 
X-ray film processing 
Zine and its alloys 
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Advertisers 
and 

their 
Agencies 


Use this index for the latest in- 
formation on how and where 
to use materials, forms and 
finishes . . . because more 
companies advertise these 
products in the 13 issues of 
Materials in Design Engineer- 
ing than in any other maga- 
zine. 


Ace Plastic Co 
Paul Smallen Advertising, I) 
Acheson Colloids Co. 
aqua Advertising ( 
Advance Tool and ‘Die Casting Co 23 
Ken Seitz & Associates, In 
Allied Chemical Corp., Plastics Div 63, = 
65, 
McCann-Erickson Advertisng 
*Allied Research Products, Inc 
Emery Advertising Cort 
Amchem Products, Inc. 
11 Paul Letton ¢ In 
*American Cast iron Pipe Co., Acipco Steel 
Products Div. ‘ 58 
Robert Luckie & Inc 
*American Cyanamid Co. , Plastics and Res- 
ins Div. 
Erwin Wasey, 
*American Felt Co 
Kelly, Nason, In 
American Lava Corp 
Designers, In 
*American Smelting and Refining Co., Con- 
tinvous Cast Dept. . oe . 
Ward William & Co 
*American Viscose a 
irndt, Preston, Chapin, Lamb & Keen 


72 
82 


102 


Ruthrauf & Ryan, In 


3rd Cover 


157 


73 


In 
Ampco Metal, Inc 218 
Hoffman, York, Paulson & Gerlach, Ine 
Anaconda American Brass Co. 2nd Cover 
Wilson, Haight & Weich, Inc 

*Art Wire & Stamping Co. 210 
Williams and London Advertising 

*Auburn Manufacturing Co. .. ooo wae 
Williams and London Advertising 

*AviSun Corp ae 154, 155 
drndt, Preston, Chapin, Lamb & Keen 

In 


*B 3 Chemical Co., Bostik Dept. 
Sutheriand-A bbott 
Babcock & Wilcox Co., Tubular Products 
Div 
Marsteller, Rickard ebhardt and Reed 
T., Chemical Co 
ildrick & Miller, Ini 
Bethlehem Steel Co. 101, 167, 189, 
Hazard Advertising ( 
*Branson Instruments, inc., Ultrasonic Power 
‘Vv. 
Faulkner Advertising In 


Cannon-Muskegan Corp 

Klau-Van Pietersom-Dunlap, In 

Carborundum Co., Refractories 
Div. , 60, 61, 

G. M. Basford Co 

Carlson, G. O., Co., Inc 

Foltz-Wessinger Inc 

Carpenter Steel Co. 

Beaumont, Heller & Sperling, Ir 





Carwin Co. 
Langeler-Stevens Inc. 
Casting Engineers 
Dis & Eaton Inc. 
Ceilcote Co., Inc. 
Penn and Hamaker, Inc. 
*Celanese Polymer Co., Div. of Celanese 
Corp. of America . 
Ellington & Co., Inc. 
Chace, W. M., Co. 
Clark & Boberts, Inc 
Chicago Rawhide Manufacturing Co. 
Aves Advertising, Inc 
Chromalioy Corp. 
Faulkner Advertising Inc 
*Ciba Products Corp. 
Briggs & Varley, Inc 
Cleveland se Co. 
Nesbitt Service 
*Colonial Rubber Ce. 
Ralph Gross Advertising, In 
Continental-Diamond Fibre Corp., Sub. 
Budd Co. 
litkin-Kynett ( In 
*Continental Felt Co 
Daniel H *rice, I 
Coors Porcelain 
len 7 i@s 
Copperweld Sass Co 


, 


Dewitt Plastics Div., Shoe Form Co., Inc 
Spitz Advertizing Age» 
*Dixon Corp. 
Horton Church & Goff, In 
++ Jarvis Div., Notional Lead Co . 8 
inn-Marschalk | In 
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We Need Better Follow-Through on Research 


The importance of follow-through is well known to 
golfers and bowlers. But the principle is no less im 
portant when it comes to applying research results 
to the solution of engineering problems. There is 
growing concern today both in government and in 
dustry that our research follow-through is not what 
it should be, and that the lag between original dis- 
covery and practical application is much too long. 


Rocketry and ultra high pressures 

There are ample grounds for this concern. Exam 
ples of our failure to capitalize on knowledge devel- 
oped by researchers are many. 

Perhaps the best known example 
ing one—was our failure in this country to realize 
the practical implications of Stoddard’s basic work on 
rockets. By the early 1920’s he had developed most 
of the basic knowledge needed for the construction 
of long range rockets, and almost single-handedly 
he tried to apply his findings. But few others in this 
country showed any desire to help him. It was the 
Germans who realized the enormous potential of 
Stoddard’s work, and who put forth the necessary 
time and money to successfully translate it into prac- 
tical reality—the V-1’s and V-2’s of World War II. 

High pressure technology, the subject of a spe- 
cial report this month (p 111), is a more timely 
example. The pioneering work of P. W. Bridgman 
in this field began as far back as 1909. Yet, fifty 
years later, we can point to only one commercial 
application of his work: the production of synthetic 
diamonds. And even today, when we are more aware 
of the great practical potential of high pressure tech- 
nology, the effort being expended is still sporadic and 


and a frighten- 


seems pitifully small. 

On the other hand, the Russians seem to be apply- 
ing the imagination and willingness required to 
achieve the practical breakthroughs in this field. 
Starting with the fund of basic knowledge developed 
by us, they are pushing ahead vigorously and have 
formed an institute in which 400 people are now con- 
centrating on high pressure research and application 
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First steps to a solution 


What, then, can and is being done to more effec- 
tively translate research results into practical real- 
ities ? 

Confining our attention to materials alone, the 
government has taken a number of steps in the right 
direction. For example, about two years ago a mate- 
rials application section was established at Wright 
Air Development Center. One of the group’s main 
functions is to fill the vacuum between materials re- 
search and application. And just three months ago 
the government sponsored an international sympo- 
sium to explore ways to more quickly apply the find 
ings of materials researchers. 

In industry, however, progress in reducing the 
research-application gap has not been as encourag- 
ing. Recognizing this, the American Society of 
Mechanical Engineers last year sponsored a project 
to find ways and means of shortening the road be- 
tween research and application in individual com- 
panies and industries. The report of this study, titled 
“Ideas, Inertia and Achievement”, establishes two 
broad principles—one for technical people and one for 
management people. They are: 

1. Communications between basic scientists and 
application engineers must be improved both in and 
outside the individual companies. 

2. Management must have and exercise the ability 
to ascertain the significance and importance of re- 
search results and have the willingness to take proper 
and prompt steps to do something about them. 


At stake: ‘vitality and prosperity’ 


Our economic future may well depend on how well 
these recommendations are carried out. For as the 
ASME report states “. . . the vitality and prosperity 
of a free enterprise system can be frustrated by too 
great a lag between discovery and application - - . 
every step toward shortening it—like those outlined 
in this study—is insurance of continued vigor in our 


national economy.” 
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Our new FREE brochure describes these multi-functional 
materials whose more than 850 types meet the most 
stringent specifications in thousands of applications. A+ Felts 
have ideal characteristics for absorbing, wicking, filtering, 
sealing, cushioning, polishing, friction, shock absorption, 
thermal and sound insulation, padding, surfacing, vibration 
isolation, percussion control and decoration. 

Send today for your personal copy of this practical 
guide to A+ Felts . . . the problem-solving engineering and 








design material. 
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For more information, turn to Reader Service card, circle No. 475 





Umbrella maker 
gets 40°/ savings 
from Graph-Air 


Their umbrellas are easy to raise and sell, but 
Newark Umbrella Frame Co. had troubles 
holding their tool costs down. The high-carbon, 
high-chromium tool steels used to form the ribs 
and to stamp the catches didn’t machine easily. 
Rolls and punches made of these steels wore out 
prematurely. Punches often chipped and broke. Perming roll tite 

Timken Company metallurgists studied the upped 40% with 
problem. Recommendation: switch to Graph- Graph-Air tool steel. 
Air® tool steel. Results: roll life went up 40%; 
punch life tripled. Here’s why. 

Graph-Air machines easier than other tool 
steels because of the free graphite in its structure. 

It outwears other tool steels by as much as 3 to / 

because of the uniformly hard carbides in its 

structure. It air-hardens at 1450°—as much as 

450° below most other air-hardening tool steels, Graph-Air tool steel 
reducing dimensional change, simplifying heat canal te Of cite 
treating. And Graph-Air holds its accuracy 

longer because it’s one of the Timken graphitic tool steels, the most 
stable made. 

Let Timken Company metallurgists help solve your steel problems. 
They've been solving tough ones for over 40 years. The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, Ohio. Makers 
of Tapered Roller Bearings, Fine Alloy Steel and Removable Rock Bits. 


TIMKEN STEEL 


TIMKEN GRAPHITIC STEELS ARE AVAILABLE FROM STEEL SERVICE CENTERS IN 44 CITIES IN THE UNITED STATES AND CANADA 


For more informection, turn to Reader Service card, circle No. 321 











